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ABSTRACT 



A nonvolatile semiconductor memory device ii 
n-type region which is in contact with n* drain diffusion 
region at a surface of p-type silicon substrate and covers the 
periphery thereof. The device also includes a p-type impu- 
rity region which is in contact with n-type region and covers 
the periphery thereof The drain diEfusion region, n-type 
region and p* impurity region extend to region located 
immediately under the floating gate electrode. Thereby, the 
nonvolatile semiconductor memory device has a structure 
which can promote injection of hi^ energy electrons along 
a gate electrode direction. 

20 Claims, 41 Drawing Sheets 
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NONVOLATILE SEMICONDUCTOR Memory transistors Qn, Qij, . . . , Q.y are arranged at 

MEMORY DEVICE HAVING A DRAIN crossings of the word lines and bit lines, respectively. Each 

REGION OF DIFFERENT IMPUHITY memory transistor has a drain connected to the correspond- 

DENSITY AND CONDUCTIVITY TYPES ing bit line. A control gate of each memory transistor is 
S connected to the corresponding word line. A source of each 

BACKGROUND OF THE INVENTION memory transistor is connected to the corresponding source 

1. Field of the Invention line Sj, Sa . . . . S,.. The sources of memory transistors 
The present invention relates to a nonvolatile semicon- belonging to the same row are mutuaUy connected. 

ductor memory device and a method of manufacturing the A structure of each memory transistor forming the con- 
same, and in particular to a so-called flash memory, i.e., an ventional flash memory will now be described below. 
EEPROM (electrically Erasable and Programmable Read FIG. 83 is a' fragmentary plan showing a schematic 
Only Memory) allowing electrical erasing and writing of structure of memory cell matrix 100 of the conventional 
information, and a method of manufacturing the same. flash memory. FIG. 84 is a cross section taken along Hne 

2. Description of the Backgroimd Art D-D' in FIG. 83. 

EEPROMs have been known as a kind of nonvolatile Refetiing mainly to ¥IG. 84, a p-type silicon substrate 1 

semiconductor memory devices which allow free program- is provided at its main surface with draia diflEusion regions 

ming of data and also allow electrical writing and erasing of 13 and a source dif&ision region 12 which are spaced from 

information. Although the EEPROM has m advantage that each other with channel regions 2 therebetween, respec- 

both writing and erasing can be executed electrically, it tively.Afloating gate electrode 4 is formed on each channel 

requires two transistors, i.e., a select transistor and a region 2 with a thin oxide film 3 of about 100 A in thickness 

memory transistor for each memory cell, so that integration therebetween. A control gate electrode 6 is formed on 

to a higher degree is difficult. In view of this, there has been floating gate electrode 4 with an interlayer insulating film 5 

proposed a flash EEPROM, in which each memory cell is therebetween. Floating gate electrode 4 and control gate 

formed of one transistor, and entire written information electrode 6 are made of polycrystaUiae silicon doped with 

charges can be electrically erased at a time. This is disclosed, unpurity, which wiU be referred to as "doped polycrystalline 

for example, in U.S. Pat. No. 4,868,619. silicon" hereinafter. A thermal oxide film 51 is formed over 

FIG. 81 is a block diagram showing a general structure of P-type silicon substrate 1, floating gate electrode 4 and 

a flash memory. Referring to FIG. 81, the structure includes control gate electrode 6. A smooth coat film 8 made of, e.g., 

a memory cell matrix 100, an X-address decoder 200, a 3 an oxide film is formed over floating gate electrode 4 and 

Y-gate 300, a Y-address decoder 400, an address buffer 500, control gate electrode 6. 

a write circuit 600, a sense amplifier 700, an I/O buffer 800 Smooth coat fikn 8 is provided with a contact hole 9 

and a control logic 900. reaching a portion of a surface of source diffusion region 12. 

Memory cell matrix 100 includes a plurality of memory A bit line 52, which has a portion electrically connected to 

transistors arranged in a matrix form. Memory matrix 100 is 35 source diffusion region 12 through contact hole 9, extends 

connected to X-address decoder 200 and Y-gate 300. on smooth coat film 8. 

X-address decoder 200 and Y-gate 300 function to select Referring mainly to FIG. 83, the plurality of word lines 6 

rows and columns in memory ceU matrix 100, respectively. are arranged perpendicularly to the plurality of bit lines 52. 

Y-gate 300 is connected to Y-address decoder 400. Y-address Each word line 6 is integral with the plurality of control gate 

decoder 400 fimctions to provide information for selecting 40 electrodes 6. At each of crossings of word lines 6 and bit 

columns. X-address decoder 200 and Y-address decoder 400 lines 52, there is formed floating gate electrode 4 located 

are connected to address buffer 500. Address buffer 500 under control gate electrode 6. There are also formed 

functions to store temporarily address information. element isolating oxide flhns 53, each of which is formed 

Y-gate 300 is connected to write circuit 600 and sense between two areas each including two floating gate elec- 

amplifler 700. Write circuit 600 functions to perform writing 45 trodes 4 neighboring to each other in the column direction, 

during data inputting. Sense amplifier 700 functions to Referring to FIG. 85, description wifl be given on a write 

determine "0" or "1" as a value of a current which flows operation of a flash EEPROM utilizing channel hot elec- 

during data outputting. Write circuit 600 and sense amphfier trons. A voltage Y^i of about 6 to 8V is applied to drain 

700 each are connected to I/O buffer 800. I/O buffer 800 diffusion region 13, and a voltage of about 10 to 15V 

fimctions to store temporarily input/output data. so is applied to control gate electrode 6. Voltages V^,! and Vqi 

Address buffer 500 and I/O buffer 800 are connected to flius applied generate a large amount of high energy elec- 

control logic 900. Control logic 900 functions to control the trons near drain diffusion region 13 and oxide film 3. The 

operation of flash memory. Control logic 900 performs electrons thus generated are partiaUy introduced into floating 

control based on a chip enable signal /CE, an output enable gate electrode 4. Since the electrons are accumulated in 

signal /OE and a program signal. Characters "/" in reference ss floating gate electrode 4 in this manner, a threshold voltage 

characters such as "/CE" mean inversion. Vj^ of the memory transistor increases. The state where 

FIG. 82 is an equivalent circuit diagram showing a threshold voltage V^.^ is higher than a predetermined value 

schematic structure of memory cell matrix 100 shown in is a written state and is called a "0" state. 

FIG. 81. Referring to FIG. 82, memory ceU matrix 100 is Referring to FIG. 86, an erase operation utilizing an F-N 

provided with a plurality of word lines WLi,WL2. . . ,WL,. 60 (Fowler-Nordhekn) tunnel phenomenon will be described 

and a plurality of bit lines BLj, BL^ . - . , BL,. which extends below. A voltage V^ of about 10 to 12V is applied to source 

perpendicularly to each other to form a matrix. The plurality diffusion region 12, control gate electrode 6 is set to the 

of word lines WLj WLj . . . , WL( are connected to ground potential, and drain difPusion region 13 is held at the 

X-address decoder 200 and are disposed in the row direc- floating state. Voltage V^ applied to source diffusion region 

tion. The plurality of bit lines BLi BLj . . . , BL, are 65 12 generates an electric field, which causes the F-N tunnel 

connected to Y-gate 300 and are disposed in the column phenomenon to move electrons from floating gate electrode 

direction. 4 through thin oxide film 3. Since electrons are removed 
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from floating gate electrode 4, threshold voltage Wjji of the 
memory transistor lowers. The state where threshold voltage 
Vj-H is lower than the predetermined value is an erased state 
and is called an "1" state. 

In a read operation, a voltage Vaa of about 5 V is applied 
to control gate electrode 6 shown in FIG. 84, and a voltage 
^Dz °f »bout 1 to 2V is applied to drain diflEusion region 13. 
The foregoing determination of "1" or "0" is performed 
based on whether a current flows through the channel region 
of memory transistor, ' 
on or off. Thereby, information is read. 

For the flash memory described above, there has been 
proposed a drain structure (which wiU be referred to as a 
"pocket structure") shown in FIGS. 87 and 88 in order to 
improve write characteristics. FIG. 88 shows, on an enlarged 
scale, a region S in FIG. 87. 

A structure shown in FIGS. 87 and 88 is provided with a 
p-type pocket region IS which is in contact with drain 
difftision region 13 and covers the periphery of the same, 
p-type pocket region 15 has an impurity concentration 
hi^er than that of the p-type silicon substrate. This raises an 
electric field at a drain end (region T in FIG. 88) in a pn 
junction (formed of drain diffusion region 13 and pocket 
region 15) as shown in FIG. 89. 

FIG. 89 shows electric fields in a direction parallel to each 
channel along line F-F' in FIG. 88. More specifically, FIG. 
89 shows at (a) the electric field in a structure not provided 
with the pocket region, and shows at (b) the electric field in 
a structure provided with the pocket region. 

Provision of the pocket structure increases a rate of 
electrons having a high energy in all electrons running 
through the channel. This promotes introduction or injection 
of electrons into the gate, and thus increases the gate current. 

As is apparent from the above, the pocket structure is 
employed for improving the write characteristics by increas- 



field and the lateral electric field (i.e., electric field parallel 
to the channel) in the insulating film 3 are distributed at the 
drain end as shown in FIG. 91. Referring to FIG. 91, the 
most high energy electrons generate near a point where the 
lateral electric field attains the highest value. However, the 
nearly maximum longitudinal electric field also generates at 
the point where the maximum lateral electric field generates. 
As the longitudinal electeic field is larger, more elections are 
forced to return toward the substrate, resulting in lowering 
whether the memory transistor is lo of the probability that high energy electrons are injected into 
the floating gate electrode. 

In the pocket structure described above, a majority of 
channel hot electrons generate at the drain end. As shown in 
FIG. 91, however, the drain end is a region at which the 
longitudinal electric field increases, and in other words, is a 
region at which a large force generates to return the injected 
electrons in the floating gate electrode toward the substrate. 
Therefore, the pocket structure cannot be considered as the 
stmcture which allows the generated hot electrons to be 
injected efficiently into the floating gate electrode. 

FIG. 92B shows change in potential distribution along the 
vertical direction (hne E-E' in FIG. 92A) with respect to the 
channel at the drain end shown in FIG. 92A. Under the 
condition that drain voltage Vd is smaller than gate voltage 
Vg, a potential dijference at the insulating film 3 increases 
as the longitudinal electric field at the insulating film 3 
increases. Therefore, increase of the longitudinal electric 
field at the insulating film 3 results in increase in height of 
the potential barrier of insulating film 3 over which electrons 
must move, as shown in FIG. 93. The electrons must have 
energies of a magnitude which allows them to move over at 
least the barrier of insulating film 3 in order to aUow 
injection of electrons into the floating gate electrode. 
Therefore, as the longitudinal electric field at insulating film 
3 (i.e., height of the barrier of insulating film 3) increases, a 



ing'the absolute "quantity of channel hot electrons. rate of electrons having energies allowing movement over 

By employing the pocket structure, the electric field (Ex) 'he barrier of insulating fihn 3 decreases, provided that the 
paraUel to the channel can be enhanced at the drain end as generated electrons always have the same high energy. It can 
described above, and a probability of generation of high be considered firom the foregoing that the arrival probability 
' ■ be improved. ^ restricted to a low value in the pocket structure in which 

both of lateral and longitudinal electric fields increase at the 
drain end. 

As described above, the conventional pocket structure 
suffers from a problem that the longitudinal electric field is 
high at the point where the maximum lateral electric field 
generates and the most hot electrons are produced, so that 
the generated high energy electrons cannot be injected into 
the floating gate electrode with a high probability. 

50 SUMMARY OF THE INVENTION 

Accordingly, an object of the invention is to provide a 
nonvolatfle semiconductor memory device and a method of 
manufacturing the same, in which an electric field along a 
55 gate electrode direction in a bulk is enhanced at a region 
where channel hot electrons generate so as to increase a 
probability with which high energy electrons after elastic 
collision have a moment along the gate electrode direction. 
Another object of the invention is to provide a nonvolatfle 
60 semiconductor memory device and a method of manufac- 
turing the same, in which a longitudinal electric field is 
reduced at a point where a lateral electric field has a peak and 
the most hot electrons generate so as to increase a probabil- 
ity with which generated high energy electrons are injected 
65 into a floating gate electrode. 

According to an aspect of the invention, a nonvolatfle 
semiconductor memory device aUowing electrical erasing 



However, generated high energy electrons move toward 
the drain, In order to inject the high energy electrons into the 
floating gate electrode, therefore, it is necessary to change 
the moving direction so that the high energy electrons may 
be directed toward the floating gate electrode by elastic 
scattering. However, electrons are randomly directed by 
elastic collision with impurity 60 as shown m FIG. 90. 
Therefore, only a part of electrons have a moment in the 
floating gate electrode direction, i.e., moment directed 
toward the floating gate electrode. 

Since the electric field along the gate electrode direction 
in a bulk is low at a region where channel hot elections 
generate, the probability that high energy electrons have the 
moment in the gate electrode direction aifter elastic coUisbn 
is disadvantageously low. 

In the pocket structure (FIGS. 87 and 88) described 
above, the electric field (longitudinal electric field) in a 
vertical direction with respect to the channel of insulating 
fikn 3 increases at the drain end where the most high energy 
electrons are generated. It is defined that an arrival prob- 
ability is a probability that generated high energy electrons 
arrive at the floating gate. In this case, the longitudinal 
electric field in insulating film 3 acts to reduce the arrival 
probability by the following reason. 

First, under the application condition that drain voltage 
Vd is smaUer than gate voltage Vg, the longitudinal electric 
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and writing of data includes a semiconductor substrate of a 
first conductivity type, a charge accumulating electrode 
layer, a control electrode layer, a pair of source/drain regions 
of a second conductivity type, a first impurity region of the 
second conductivity type, and a second impurity region of 
the first conductivity type. The semiconductor substrate has 
a main surface. The charge accumulating electrode layer is 
formed on the main surface of the semiconductor substrate 
with a first insulating film therebetween. The control elec- 
trode layer is formed on the charge accumulating electrode 
layer with a second insulating fikn therebetween. The pair of 
source/drain regions are formed at the main surface of the 
semiconductor substrate and are located at opposite sides of 
a region of the semiconductor substrate located imder the 
charge accumulating electrode layer. Tha drain region 
extends to a region of the semiconductor substrate located 
immediately under the charge accumulating electrode layer. 
The &st impurity region is located to be in contact with the 
drain region, and to have an impurity concentration lower 
than that of the drain region at the main surface of the 
semiconductor substrate located immediately under the 
charge accumulating electrode layer. The second impurity 
region is formed being in contact with the first impurity 
region at the main surface of the semiconductor substrate 
located immediately under the charge accumulating elec- 
trode layer, and has an impurity concentration higher than 
that of the semiconductor substrate. 

In the nonvolatile semiconductor memory device accord- 
ing to the above aspect of the invention, the first impurity 
region of the second conductivity type having the impurity 
concentration smaller than that of the dram region is 
arranged between the drain region and the second impurity 
region forming a pocket region. Therefore, a point where a 
lateral electric field of the first Insulating fikn can be shifted 
to an interface between the first and second impurity regions. 
Accordingly, it is possible to reduce a longitudinal electric 
field at a point of the maximum lateral electric field, as 
compared with the prior art. This reduces a force returning 
electrons in the first insulating flhn toward the substrate, and 



Since the third impurity region of the first conductivity 
type having the impurity concentration higher than that of 
the semiconductor ^strate is formed at the main surface of 
the semiconductor substrate located between the source 
5 region and the drain region, punch-through can be pre- 
vented. Therefore, a limit gate length determined in view of 
an off breakdown voltage can be suppressed at a low value. 
Thus, the stmcture is advantageous for fabrication of micro- 
scopic devices. 

10 In addition to the third impurity region, the second 
impurity region having the impurity concentration higher 
than that of the third impurity region is formed at the main 
surface of the semiconductor substrate between the source 
and drain regions. This prevents the punch-through further 

15 effectively. 

By appropriately selecting the impurity concentrations of 
the second and third impurity regions, a threshold voltage 
can be controlled while maintaining an intended limit gate 
length and an intended write capability. 
20 Further, by appropriately selecting the impurity concen- 
trations of the second and third impurity regions, the impu- 
rity concentration of the second impurity region forming the 
pocket region can be reduced while maintaining an intended 
write capability and an intended threshold voltage. 
Therefore, the write capability can be improved without 
increasing the leak current between the diffusion region and 
the substrate. 

Preferably, the device of the above aspect further includes 
a third impurity region of the second conductivity type 
^° formed in the drain region and having an impurity concen- 
tration higher than that of the drain region. 

Preferably, the device of the above aspect further includes 
a third impurity region of said second conductivity type 
formed in the source region and having an impurity con- 
centration higher than that of the source region. 

Preferably, the device of the above aspect further includes 
a third impurity region of the second conductivity type 
formed in the drain region and having an impurity a 



also reduces a height of an insulating fihn barrier over which 4^ tratiori higher than that of the drain region, and a fourth 



electrons are to move, so that it is possible to increase 
probability of arrival of high energy electrons to the charge 
accumulating electrode (floating gate electrode), and thus a 
gate current can be increased. 

According to the above structure, the gate current can be 
increased without considerably increasing the impurity con- 
centration of the second impurity region forming the pocket 
region. Therefore, it is possible to suppress a leak current 
between the diffusion region and the substrate, which may 



impurity region of said second conductivity type formed ii 
the source region and having an impurity concentration 
higher than that of the source region. 

Since the third impurity region(s) having the impurity 
concentration higher than those of the drain region and/or 
source region are formed at the drain region and/or source 
region, a parasitic resistance(s) of the drain region and/or 
source region can be reduced. Therefore, the current drive 
capability is increased, and thus improvement of the write 



increase due to increase of the impurity concentration of the so capabiUty and increase of the read speed can be expected, 
second impurity region, and thus the write capability can be ~ ' ■ - - 
improved. 

Further, in the above structure, the gate current is 
increased by improving the injection eflSciency, so that the . . _ 

capability can be improved without increasing an ss flist impurity region, an area through which the first and 



electric field to be applied. When consideration is made 
based on the write capability, this structure can be operated 
with a low applied voltage. Therefore, this structure can be 
advantageously employed in a low-voltage operation ele- 
ment and a single-power-supply element. e 

Preferably, the device of the above aspect further includes 
a third impurity region of the first conductivity type covering 
peripheries of the source region and the second impurity 
region while being in contact with the source region and the 
second impurity region, and having an impurity concentra- ( 
tion higher than that of the semiconductor substrate and 
lower titan that of the second impurity region. 



Preferably, in the above aspect, a depth of the second 
impurity region from the main surface of the semiconductor 
substrate is smaller than that of the first impurity region. 

Since the second impurity region is shallower than the 



impurity regions are in contact with each other can 
be small. Therefore, a junction leak current between the 
diffusion region and the substrate can be small, so that the 
voltage can be raised to a predetermined value, and a boost 
capabiUty can be improved. Since the junction leak current 
can be small, the leak current of each of memory cells 
connected to word lines can be small, so that a sum of the 
leak currents per block may be small. Therefore, increase in 
number of the transistors per block can be expected. 

Preferably, in the above aspect, the second impurity 
region is formed to cover a periphery of the first impurity 
region while being in contact with the first impurity region. 
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Since the second impurity region having the impurity region of the first conductivity type and a second impurity 
concentration higher than that of the semiconductor sub- region of the first conductivity type. The semiconductor 
strate covers the first impurity region of the opposite con- substrate has a main surface. The charge accumulating 
ductivity type, a current which may cause the punch through electrode layer is formed on the main surface of the semi- 
can be reduced. Therefore, the channel length can be 5 conductor substrate with a first insulating fihn therebetween, 
reduced, and shrinkage of the device is allowed. The control electrode layer is formed on the charge accu- 

Preferably, in the above aspect, the second and first mulating electrode layer with a second insulating film ther- 

impurity regions have the substantially equal depths from ebetween. The pair of source/drain regions are formed at the 

the main surface of the semiconductor substrate. main surface of the semiconductor substrate, and are located 

Since the second and first impurity regions have the i" at opposite sides of a region of the semiconductor substrate 

substantially equal depths, an area through which the second ^^^^ t^e charge accumulating electrode layer. The drain 

and first impurity regions are in contact with each other can region extends to a region of the semiconductor substrate 

be small, so that a junction leak current between the di£Eu- lo^a^d immediately under the charge accumulating elec- 

sion region and the substrate can be small. Further, a current trode layer, and contams impunty at a concentration of 

caused by punch through can be reduced. « 1x10^ cm"' or more. The first impunly region covers a 

Preferably, in the above aspect, the device ftirther includes ^^V^^^^y of the dram region while it is in contact with the 

a third impurity region covering a periphery of the source ^^S-""' ^'^P^"/ ^oncentration larger than 

region while being to contact wifh the so^ixce region, extend- semiconductor substralejhe second impunty 

ing to a region immediately under the charge accumulating 'fS^f is formed to be in contact with the source region and 

electrode layer, and having an impurity concentration lower mpurity region at a region of the semiconductor 

than that of the source region. ^^^^^ immediately under the charge accumulat- 

...... ing electrode layer, and has an impunty concentration higher 

Since the third impurity region having the impurity con- ^^^^ ^^^^ the semiconductor substrate and lower than that 

centration smaUer than that of the source region covers the ^ 

source region, this promote extension of a depletion layer at ,. , , . j . 
the source side during operation of the memory transistor, Accordmg to the nonvolatile semiconductor memory 
and thus the source breakdown voltage increases. For device of the above aspect of the mvenUon, the dram region 
example, when erasing (removal of electrons from the >s ^°verod with the first impurity region of the opposite 
charge accumulating electrode layer) is performed at the conductivity type having the impurity concentration larger 
source side using an F-N tunneling current, a high voltage 'h^'^ !h^' '^e semiconductor substrate. Therefore an 
can be applied to the source. Preferably, in the above aspect, '° ^lectnc field along the gate electrode direction m the bulk 
the second impurity region is formed to be in contact with an efficiency of injection of high energy 
the source region and the first impurity region only at a electrons into the charge accumulating electrode layer is 
region of the semiconductor substrate located immediately impwved. Accordingly, the gate current increases, and the 
under the chaige accumulating electrode layer, and has an „ ^"1^ <=^pability can be improved without increasing a volt- 
impurity concentration higher than that of the semiconductor "ge to be applied By this reason, the stmctuie is advanto- 
substrate geously employed m a low-voltage operating element and a 

Since the second impurity region of the first conductivity single-power-supply element, 

type having the impurity concentration higher than that of Since the second impurity region of the first conductivity 

the semiconductor substrate is arranged at the main surface „ type having the impunty concentration higher than that of 

of the semiconductor substrate between the source region the semiconductor substrate is arranged at the mam surface 

and the drain region, punch though can be prevented. of the semiconductor substrate between the source region 

Therefore, a hmit gate length determined in view of an off and the drain region, punch though can be prevented, 

breakdown voltage can be suppressed at a low value. Thus, Therefore, a limit gate length determined m view of an off 

the structure is advantageous for fabrication of microscopic breakdown voltage can be suppressed at a low value. Thus, 

(jg^iggj *^ the structure is advantageous for fabrication of microscopic 

In the struchire where the second impurity region is devices, 

formed, for example, only at a region immediately under the In addition to the second impurity region, the first impu- 

charge accumulating electrode layer, capacitances of the rity region having the impurity concentration higher than 

source and drain regions as well as a capacitance of the 5^ that of the second impurity region is arranged at the mam 

second impurity region are low. Therefore, increase of the surface of the semiconductor substrate between the source 

read speed can be expected. and drain regions. Therefore, the punch through can be 

Preferably, in the above aspect, a depth of the second prevented more effectively 

impurity region from the main surface of the semiconductor By appropriately selecting the impurity concentrations of 

substrate is smaller than that of the first impurity region. 55 the first and second impurity regions, a threshold voltage can 

Since the second impurity region is shallower than the be controlled while maintaining an intended limit gate 

source/drain regions, it is possible to suppress variation of length and an intended wnte capability, 

the threshold voltage, which may be caused by variation of Further, by appropriately selecting the impurity concen- 

the substrate potential. Therefore, it is possible, for example, trations of the first and second impurity regions, the impurity 

tosuppressvariationof an unfixed potential of a terminal in 60 concentration of the first impurity region can be reduced 

an open state. while maintaining an intended vmte capability and an 

According to further another aspect of the invention, a intended threshold voltage. Therefore, the write capability 

nonvolatile semiconductor memory device aUowing electri- can be improved without increasing the leak current between 

cal erasing and writing of data includes a semiconductor the diffusion region and the substrate, 

substrate of a first conductivity type, a charge accumulating 65 Preferably, in the above aspect, a depth of the second 

electrode layer, a control electrode layer, a pair of source/ impurity region from the main surface of the semiconductor 

drain regions of a second conductivity type, a first impurity substrate is smaller than those of the source/drain regions. 
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Since the second impurity region is shallower than the 
source/diain regions, it is possible to suppress variation of 
the threshold voltage, which may be caused by variation of 
the substrate potential. Therefore, it is possible, for example, 
to suppress variation of an unfixed potential of a terminal in 
an open state. 

Further, according to an aspect of the invention, a method 
of manufacturing a nonvolatile semiconductor memory 
device allowing electrical erasing and writing of data 
includes the following steps: 

First, a charge accumulating electrode layer is formed on 
a main surface of a semiconductor substrate of a first 
conductivity type with a first insulating layer therebetween, 
and a control electrode layer is formed on the charge 
accumulating electrode layer with a second insulating film 
therebetween. A pair of source/drain regions of a second 
conductivity type are formed at the main surface of the 
semiconductor substrate and are located at opposite sides of 
a region of the semiconductor substrate located immediately 
under the charge accumulating electrode layer. The drain 
region extends to a region of the semiconductor substrate 
located immediately under the charge accumulating elec- 
trode layer A first impurity region of a second conductivity 
type having an impurity concentration lower than that of the 
drain region and being in contact with the drain region is 
formed at the main surface of the semiconductor substrate 
located immediately under the charge accumulating elec- 
trode layer. A second impurity region of the first conductiv- 
ity type having an impurity concentration higher than that of 
the semiconductor substrate and being in contact with the 
first impurity region is formed at the main surface of the 
semiconductor substrate located immediately under the 
charge accumulating electrode laye 



According to the above aspect of the i 
method of manufacturing the nonvolatile semiconductor 
memory device can provide the nonvolatile semiconductor 
memory device in which high energy electrons can be 
5 injected into the charge accumulating electrode layer with a 
high injection efBdency. 

According to still another aspect of the invention, a 
method of manufacturing a nonvolatile semiconductor 
memory device allowing electrical erasing and writing of 
10 data includes the following steps: 

A charge accumulating electrode layer is formed on a 
main surface of a semiconductor substrate of a first conduc- 
tivity type with a first insulating layer therebetween, and a 
control electrode layer is formed on the charge accumulating 
1^ electrode layer with a second insulating film therebetween. 
A pair of source/drain regions of the second conductivity 
type are formed at the main surface of the semiconductor 
substrate and are located at opposite sides of a region of the 
semiconductor substrate located immediately under the 
charge accumulating electrode layer. The drain region 
extends to a region of the semiconductor substrate located 
immediately under the charge accumulating electrode layer, 
and has an impurity concentration of lxl(f° cm"^ or more. 
A first impurity region of the first conductivity type being in 
' contact with the drain region, covering a periphery of the 
drain region and having an impurity concentration larger 
than that of the semiconductor substrate is formed, Asecond 
impurity region of the first conductivity type having an 
impurity concentration larger than that of the semiconductor 
^ substrate and smaller than that of the first impurity region 
and being in contact with the source region and the first 
impurity region is formed at a region of the semiconductor 
substrate located immediately under the charge accumulat- 



According to the above aspect of the invention, the ™g electrode layer, 
method of manufacturing the nonvolatile semiconductor According to the above aspect of the mvention, the 
memory device can provide the nonvolatile semiconductor method of manufacturing the nonvolatile semiconductor 
memory device in which high energy electrons can be memory device can provide the nonvolatile semiconductor 
injected into the charge accumulating electrode layer with a memory device in which high energy electrons can be 
high injection efficiency. 40 injected into the charge accumulating electrode layer with a 

According to another aspect of the invention, a method of injection efficiency, 

manufacturing a nonvolatile semiconductor memory device 
allowing electrical erasing and writing of data includes the 
following steps: 

First, a charge accumulating electrode layer is formed on 
a main surface of a semiconductor substrate of a first 
conductivity type with a first insulating layer therebetween, 
and a control electrode layer is formed on the charge 
accumulating electrode layer with a second insulating film 



Tlie foregoing and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a cross section schematically showing a structure 



n surface of the 
semiconductor substrate and are located at opposite sides of 
a region of the semiconductor substrate located immediately 
under the charge accumulating electrode layer. The drain 
region extends to a region of the semiconductor substrate 55 
located immediately under the charge accumulating elec- 
trode layer. A first impurity region of the second conductiv- 
ity type having an impurity concentration lower than that of 



accumulatmgelectroaejayerwitna seconamsuiatmgmm ^ nonvolatile semiconductor memory device of a 

therebetween. A pair of source/drain regions of a second 50 ^^^odiment 1 of the invention; 

conductivity type are formed at the mam surface of the ^^^^ ^ ^^^^^^^^^^ ^^^^ ^^^.^^^ ^^^^^^^^ ^ 

accordance with the order of steps, a method of manufac- 
turing the nonvolatile semiconductor memory device of the 
. embodiment 1 of the invention; 

FIG. 15 is a graph showing change of a lateral electric 
field of an insulating film in accordance with change of an 
impurity concentration of an n-type region; 
the drain region and being in contact with the drain region FIG. 16 shows change of a lateral electric field of an 

is formed at the main surface of the semiconductor substrate 60 insulating fihn m structures provided with the n-type region 
located immediately under the charge accumulating elec- and not provided with the same; 

trode layer. A second impurity region of the first conductiv- FIG. 17 is a ftagmentary cross section of a conventional 
ity type having an impurity concentration higher than that of stmcture for showing a structure of a specimen used in 
the semiconductor substrate and being in contoct with the simulation; 

source region and the first impurity region is formed at a 65 FIG. 18 is a fragmentary cross section of a structure of the 
region of the semiconductor substrate located immediately invention for showing a strachire of a specimen used in 
under the charge accumulating electrode layer. simulation; 
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a graph showing ai 



n impurity concentration at 
n line A-A' in FIG. 17 and an electric 
field of an insulating film corresponding to these positions; 

FIG. 20 is a graph showing an impurity concentration at 
various positions on line A-A' in FIG. 18 and an electric 
field of the insulating film corresponding to these positions; 

FIG. 21 is a graph showing an electric fields at various 
positions of specimens of the prior art and the embodiment 
of the invention; 



FIG. 61 is a cross section schematically showing a struc- 
ture of a nonvolatile semiconductor memory device of an 
embodiment 8 of the invention; 

FIG. 62 is a cross section schematically showing a struc- 
ture of a nonvolatile semiconductor memory device of an 
embodiment 9 of the invention; 

_ FIG. 63 is a cross section schematically showing a stnic- 

FIG. 22 is"a graph showing relationships between a gate " ^'l^l'' nonvolatile semiconductor memory device of an 
voltage and an injection efficiency of the prior art and the embodmient 10 of the mvention; 

embodiment of the invention; F'G- ^ ^ ^ ^fo^^ section schematically showing a struc- 

HG. 23 is a graph showing relationships between a leak "^'l ' ""^ff ' ^^■"^'^""ductor memory device of an 
current and a maximum gate ainent of the prior art and the , , ^™ ° . ° ^ mven ion, , . . 

embodiment of the invention; FIGS. 65 and 66 are schematic cross sections showmg, m 

™„ _ . . u »• u ■ accordance with the order of steps, a method of manufac- 

?T nn ' ^'^°r°f ' turing the nonvoktile semicondu^r memory device of the 

uonal LDD structure disclosed in a pnor art reference; embodiment 11 of the invention; 

FIG^ 25 IS a cross section scheinaticaUy showing a struc- ^ ^ schematically showing a struc- 

ture of a nonvolahle semiconductor memory device of an 20 „f ^ nonvolatile semiconductor memory device of an 
embodmient 2 of the invention; embodiment 12 of the invention; 

FIGS. 26 to 30 are schematic cross sectKins showmg in ^ ^^^^ schematically showing a struc- 

accordance with the order of steps, a method of manufac- ^ nonvolatile semiconductor memory device of an 

turmg the nonvolatile semiconductor memory device of the embodiment 13 of the invention- 
embodiment 2 of the invention; 25 ™„ ,„ . 1 ' n • 

FIG. 69 IS a cross section schematically showing a struc- 



FIG. 31 is a cross section schematically showing a struc- 
ture of a nonvolatile semiconductor memory device of an 
embodiment 3 of the invention; 

FIGS. 32 to 36 are schematic cross sections showing, in 
accordance with the order of steps, a method of manufac- 
turing the nonvolatile semiconductor memory device of the 
embodiment 3 of the invention; 

FIG. 37 shows a sum of charges in a certain space; 

FIG. 38 is a schematic cross section showing a stiucture 
of a conventional MOS transistor; 



ture of a nonvolatile semiconductor memory device of an 
embodiment 14 of the invention; 
FIGS. 70 and 71 are schematic cross sections showing, in 
jQ accordance with the order of steps, a method of manufac- 
turing the nonvolatile semiconductor memory device of the 
embodiment 14 of the invention; 

FIG. 72 is a cross section schematically showing a struc- 
ture of a nonvolatile semiconductor memory device of an 
35 embodiment 15 of the invention; 

FIG. 73 is a cross section schematically showing a stnic- 
hire of a nonvolatile semiconductor memory device of an 
embodiment 16 of the invention; 
FIGS. 74 to 77 are schematic cross sections showing, in 
40 accordance with the order of steps, a method of manufac- 
turing the nonvolatile semiconductor memory device of the 
embodiment 16 of the invention; 

FIGS. 78 to 80 are cross sections schematically showing 

a structure of a nonvolatile semiconductor memory device of 

accordance with the order of steps, a method of manufac- ^5 an embodiment 17 of the invention; 
turing the nonvolatile semiconductor memory device of the FIG. 81 is a block diagram showing a structure of a 
embodiment 4 of the invention; conventional flash memory; 

FIG. 48 is a cross section schematically showing a struc- FIG. 82 is an equivalent circuit diagram showing a 
ture of a nonvolatile semiconductor memory device of an schematic structure of a memory matrix shown in FIG, 81; 
embodiment 5 of the invention; FIG. 83 is a firagmentary plan showing a schematic 

FIGS. 49 to 52 are schematic cross sections showing, in structure in a memory cell matrix of a conventional ilash 
accordance with the order of steps, a method of manufac- memory; 

hiring the nonvolatile semiconductor memory device of the FIG. 84 is a cross section taken along line D-D' in FIG. 
embodiment 5 of the invention; jj 83; 

FIG. 53 is a cross section schematically showing a stinic- FIG. 85 shows a write operation of a flash EBPROM 



FIG. 40 shows the same potential distribution as that in 
FIG. 39 together with coordinates; 

FIG. 41 is a cross section schematically showing a struc- 
ture of a nonvolatile semiconductor memory device of an 
embodiment 4 of the invention; 

FIGS. 42 to 47 are schematic cross sections showing, 



a nonvolatile semiconductor memory device of an 
embodiment 6 of the invention; 

FIGS. 54 to 57 are schematic cross sections showing, in 
accordance with the order of steps, a method of manufac- 
turing the nonvolatile semiconductor memory device of the 
embodiment 6 of the invention; 

FIG. 58 is a cross section schematically showing a struc- 
ture of a nonvolatile semiconductor memory device of an 
embodiment 7 of the invention; 

FIGS. 59 and 60 are schematic cross sections showing, in 
accordance v»dth the order of steps, a method of manufac- 



utilizmg channel hot electrons; 

FIG. 86 shows an erase operation utilizing an F-N tunnel 
phenomenon; 

) FIG. 87 is a cross section schematically showing a struc- 
ture of a conventional nonvolatile semiconductor memory 

FIG. 88 is a fragmentary cross section showing, on an 
enlarged scale, a portion S in FIG. 87; 
5 FIG. 89 is a graph diowing change of an electric field 
parallel to a channel in stiuctures provided with a pocket 
region and not provided with the same; 
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FIG. 90 shows a manner of change of a moving direction thickness, e.g., of about 500 A. Aluminum alloy intercon- 

of high energy electrons by elastic scattering; nection layer 11 has a thickness, e.g., of about 10000 A. 

FIG. 91 shows lateral and longitudinal electric fields of an Titanium alloy film 10 and aluminum alloy interconnection 

insulating film; layer 11 form a bit hne. 

. . r . ^- 1. ■ 5 The impunty concentration of n-type impunty region 14 

mo. 92A IS a fragmentary cross section showing, on an ^ sufficiently higher than that of an LDD region used 

enlarged scale, a dram end of a conventional MOS transis- ^ ^ ^^^^^^ relieving layer, and must be lower than 

tor; that of n* drain dif&ision region 13. The impurity concen- 

FIG. 92B shows change of a potential distribution in a tration of p* pocket region 15 must be higher than that of 

direction vertical to a channel at the drain end of the p-type silicon substrate 1. 

conventional MOS transistor; and In this embodiment, n* source diifiision region 12 has the 

FIG. 93 shows mcrease in height of a barrier of an impurity concentration of 5x10^° cm"^, n* drain diffusion 

insulating fihn against electrons in accordance with increase region 13 has the impurity concentration of 1x10 cm" , 

of a potential difference at the insulating film. ""'yg^ «f °° " b^s the impurity csoncentration of 1x10^ 

^ cm , and p* pocket region 15 has the impunty concentra- 
tion of 1x10^' cm-^ 
A method of manufacturing the nonvolatile semiconduc- 

. , , tor memory device of this embodiment will be described 

Embodiments of the mvention wiU be descnbed below below, 

with reference to the drawings. Referring to FIG. 2, a well region and an element isolating 

Embodiment 1 ^" oxide fihn (not shown) are formed at predetermined regions 

Referring to FIG. 1, a memory transistor of a flash in p-type silicon substrate 1, and then an insulating film 3a 

EEPROM includes an n* source diffusion region 12, n* drain made of, e ^g., a silicon oxide flhn having a thickness of 

diffusion regions 13, insulating films 3, floating gate elec- about 100 A is formed on the whole surface. Thereafter, a 

trodes 4, interlayer insulating fikns 5, and control gate first doped polycrystanine silicon layer 4a of about 1000 A 

electrodes 6. The n* source diffusion region 12 and n* drain in thickness is formed on insulating film 3a, and then is 

diffusion region 13 are formed at a surface of a p-type sOicon patterned into an mtended configuration. An interlayer insu- 

substrate 1 with a predetermined space between each other. lating layer 5a made of a composite fihn formed of, e.g., a 

Each floating gate electrode 4 is formed on a region between silicon oxide film and a silicon nitride film and having a 

n* source diffusion region 12 and n* drain diffusion region thickness of about 200 A is formed on first doped polycrys- 

13 with insulating fihn 3 therebetween. Each control gate ^° tallmc silicon layer 4a. Then, a second doped polycrystalline 

electrode layer 6 extends on floating gate electrode 4 with siUcon layer 6a of about 2500 A in thickness is formed on 

interlayer insulating layer 5 therebetween. interlayer insulating layer 5a. 

Aside wall insulating layer 7 made of, e.g., a silicon oxide Referring to FIG. 3, a resist pattern 17 is formed at a 

film , covers side surfaces of floating gate electrode 4 and predetermined region on second doped polycrystalline sfli- 

control gate electrode 6. 'con layer 6a by photolithography. Using resist pattern 17 as 

The n* source diffusion region 12 and n* drain diffusion a m<Lsk, anisotropic etching is effected to pattern second 

region 13 extend to regions in p-type silicon substrate 1 doped polycrystalline siKcon layer 6a, mterlayer insulating 

located immediately under the floating gate electrode 4. layer Sa, first doped polycrystallme silicon layer 4fl and 

There are also formed n-type regions (HDD region) 14, each 40 insulating film 3a. ^ ^ . 

of which is in contact with and surrounds corresponding n* Referring to FIG. 4, the above patterning forms floating 

drain diffusion region 13. Each n-type region 14 is in contact gate electrode 4 on p-type silicon substrate 1 witii insulating 

with and surrounded by a p* pocket region 15. The n-type fihn 3 therebetween, and also forms control gale electrode 6 

region 14 and p* pocket region 15 extend to regions in on floating gate electrode 4 with interlayer msulating layer 

p-type siHcon substrate 1 located immediately under the 45 5 therebetween, Then, resist pattern 17 is removed, 

floating gate electrode 4. Referring to FIG. 5, a resist pattern 18 covering a drain 

A memory transistor 20 is covered with an interlayer formalion region of the memory transistor is formed by 

insulating layer 8 formed on p-type sihcon substrate 1. conventional photolithography. Using resist pattem 18 and 

Interlayer insulating layer 8 is provided with a contact hole control gate electrode 6 as a raa.sk, impunty such as arsenic 

9 reaching a surface portion of source dirfu.sion region 12. so (^s) is ion-implanted into the main surface of p-type silicon 

A titanium alloy film 10 and an aluminum alloy intercon- substrate 1 under the conditions of about 35 keV and about 

nection layer 11 are formed in a layered form on interlayer 5xlO'= cm"^. Thereby, a source region 12fl is formed. Then, 

insulating layer 8, and titanium alloy film 10 is in contact resist pattern 18 is removed. 

with n* source diffusion region 12 through contact hole 9. Referring to FIG. 6, a resist pattem 19 covering a source 

Insulating fihn 3 is made of e.g., a silicon oxide film, and 55 formation region of the memory transistor is formed by the 

has a thickness of about 100 A. Floating gate electrode 4 is conventional photolithography. Using resist pattem 19 and 

made of, e.g., doped polycrystalline silicon, and has a control gate electrode 6 as a mask, impunty such as arsemc 

thickness of about 1000 A. Interlayer insulating layer 5 is a (As) is ion-implanted into the main surface of p-type silicon 

composite flhn made of a silicon oxide film and a sflicon substrate 1 under the conditions of about 35 keV and about 

nitride film, and has a whole thickness of about 200 A. 60 IxW' cm'^ Thereby, a drain region 13fl is formed. 

Control gate electrode 6 is made of, e.g., doped polycrys- Referring to FIG. 7, using resist pattern 19 and control 

talline silicon, and has a thickness of about 2500 A. Inter- gate electrode 6 as a mask, impurity such as phosphoms (P) 

layer insulating layer 8 is formed of a layered structure made is ion-implanted under the conditions of about 50 ke V and 

of, e.g., a PSG or BPSG flhn and a silicon oxide film not about 1x10^' cm"^. Thereby, an n-type region 14a is formed 

doped vrith impurity, and has a whole thickness of about 65 under drain region 13a. 

5000 to about 15000 A. Contact hole 9 has an opening si2B, Referring to FIG. 8, using resist pattern 19 and control 

e.g., of about 0.6 to 1.5 /<m. Titanium alloy film 10 has a gate electrode 6 as a mask, impurity such as boron (B) is 
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ion-implanted into the main surface of p-type sflicon sub- insulating film 3 attains the maximum intensity can be 

strate 1 by a tilt-angle rotary implanting method under the shifted toward the source diffusion region compared with the 

conditions of about 35 keV and about 1x10^'* cm"^. Thereby, case where the HDD region (n-type region) is not provided 

a pocket region ISa is formed at a lower portion of n-type as shown in FIG. 16. 

region Ua. Thereafter, resist pattern 19 is removed. 5 foUowii^ simulation was performed with respect to 

Referring to FIG. 9, a silicon oxide film la having a ^^^^j^^^ jn j^teral and longitudinal electric fields of 

thickness, e.g., of 2000 A is formed on the whole surface. insulating film 3 in the structure provided with n-type region 
Thereafter, anisotropic RIE (Reactive Ion Etching) is 

efEected on silicon oxide film 7fl. \ , •-r.T^r.injiD • j 

r ■ , T-T^ in .I.- ^ -j ,i- As showB m FIGS. 17 and 18, Specimens Were prepared 

Refernng to FIG. 10, this etchmg forms side wall msu- m £ . . . j i ,1, *u » ™ 

lating layer 7 made of, e:g., a silicon oxide film and covering '° .«t™f"^« not provided with the n-^e region 

the side surfaces of floattog gate electrode 4 and control gate (convenHond example and the structure provided with the 

electrode 6. Side wall insulating layer 7 has a width or (embodmient of the mvention). 

thickness of about 2000 A. Thus, width Wj of side wall The specimen of the conventional example shown m FIG. 

insulating layer 7 is substantially equal to a thickness Tj of 17 was prepared in the followmg manner. After forming gate 

silicon oxide film 7a (see FIG. 9). Accordingly, by control- ^ 4, arsenic (As) is implanted into substrate 1 under the 

ling thickness Tj of silicon oxide film 7fl (see FIG. 9), width conditions of 35 keV and SxlO^"* cm"^ to form n* drain 

Wj of side wall insulating layer 7 can be controlled easily diffusion region 13, and boron (B) is ion-implanted by the 

Referring to FIG. 11, a CVD (Chemical Vapor tilt-angle rotary ion implantation with an an^e of 45° with 

Deposition) or the like is executed to form interiayer insu- respect to the surface of substrate 1 under the conditions of 

lating layer 8 having a ±ickness of about 5000 to about ™ 50 keV and 3x10' cm"^, so that p-type pocket region 15 is 

15000 A. Thereafter, a reflow method is executed to perform formed. 



thermal treatment at a temperature of 700 to 1000° C. for Meanwhile, the specimen of the example of the ir 

flattening the surface thereof. Interiayer insulating layer 8 is ^as prepared as follows. After forming gate 4, arsenic (As) 

formed of, e.g., a layered film made of a PSG or BPSG fihn is implanted into substrate 1 under the conditions of 35 keV 

and a silicon oxide film not doped with impurity. During this 5x10" cm"^ to form n* drain diffusion region 13, and 

reflow, the source/drain regions and others are driven phosphorus (P) is ion-implanted under the conditions of 35 

(difEused), so that n* source diffusion region 12, n* drain ijeV and 1x10^" cm"^ to form n-type region 14. Further, 

diffusion region 13, p* pocket region 15 and n-type region boron (B) is ion-implanted by the tilt-angle rotary ion 

14 are formed. implantation with an angle of 45° with respect to the surface 

Referring to FIG. 12, contact hole 9 reaching n* source of substrate 1 under the conditions of 50 keV and 3x10^^ 

diffusion region 12 is formed at interiayer insulating layer 8 cm"^, so that p-type pocket region 15 is formed, 

by conventional photolithography and etching techniques. piG_ 19 shows a graph representing the impurity concen- 

Contact hole 9 has an opening size of about 0.6 to about 1 .5 tration at various positions along line A-A' in the substrate 

/iin. ^5 of the conventional example shown in FIG. 17 as well as a 

Referring to FIG. 13, a step is performed to form titanium ' graph representing the longitudinal and lateral electric fields 

alloy lilm 10, which is made of a TiN film, has a thickness of the gate insulating film corresponding to these positions, 

of about 500 A, extends on interiayer insulating layer 8 and FIG. 20 shows a graph representing the impurity concen- 

has a portion electrically connected to n* source diffusion tration at various positions along line A-A' in the substrate 

region 12 through contact hole 9. ^ of the example of the invention shown in FIG. 18 as well as 

Referring to FIG. 14, a sputtering method or the like is a graph representing the longitudinal and lateral electric 

executed to form aluminum alloy film 11 of about 10000 A fields of the gate insulating film corresponding to these 

in thickness on titanium alloy film 10. Titanium alloy fihm 10 positions. 

and aluminum alloy film 11 are patterned by photolithog- FIG. 21 shows graphs of FIGS. 19 and 20 in an over- 

raphy and dry etching techniques. Thereby, titanium alloy 45 lapped manner. 

fikn 10 and aluminum alloy film 11 form the bit line Referring particularly to FIG. 21, thick curves represent 

electrically connected to source diffusion region 12. change in the lateral and longitudinal electric fields of the 

The nonvolatile semiconductor memory device of this specimen of the inventional example, and thin curves rep- 
embodiment is provided with n-type region 14, which is in resent change in the lateral and longitudinal electric fields of 
contact with n* drain diffusion region 13 and surrounds n* 50 the conventional example. It can be understood also from 
drain diffusion region 13. FIG. 15 shows change in a lateral FIG. 21 that provision of the n-type region as employed in 
electric field in accordance with change in the impurity the inventional example shown in FIG. 18 shifts the point of 
concentration of n-type region 14. Referring to FIG. 15, the maximum lateral electric field of insulating film 3 toward 
when the impurity concentration of n-type region is equal to the source diffusion region. Owing to the shift of the point 
that of a conventional LDD region, a lateral electric field ss of tte maximum lateral electric field toward the source 
generated between n-type region 14 (which is shown as the diffusion region, an absolute value of the lateral electric field 
HDD region here) and p* pocket region 15 is substantially at the point of the maximum lateral electric field in the 
equal in intensity to the lateral electric field between HDD specimen of the inventional example is smaller than that of 
region 14 and n''" drain diffusion region 13. the conventional example. 

When the impurity concentration of HDD region 14 is 60 For the respective specimens shown in FIGS. 17 and 18, 

higher than that of the LDD structure, the lateral electric injection efficiencies (Ig/ls) were calculated with various 

field at a junction between HDD region 14 and p* pocket values of gate voltage Vg. The result is shown in FIG. 22. 

region 15 is higher than the lateral electric field generated at Referring to FIG. 22, it can be seen that the injection 

the junction between HDD region 14 and n* drain diffusion efficiency (Ig/Is) of the structure of the inventional example 

region 13. 65 (o), which is indicated by circular marks, is considerably 

Owing to provision of HDD region (n-type region) 14 in advantageous compared with the strucmre of the conven- 

this maimer, a point where the lateral electric field of tional example (A) indicated by triangular marks. 



us 6,3C 

17 

From the above result of simulation, provision of n-tj'pe 
region 14 shown in FIG. 1 can shift the point of the 
maximum lateral electric field of iasulating film 3, so that 
the longitudinal electric field can be reduced at the point of 
the maximum lateral electric field. This reduces the force 
returning electrons in insulating film 3 toward silicon sub- 
strate 1, and reduces the height of the barrier of insulating 
film 3 over which electrons are to be moved. Accordingly, 
the probability with which high energy electrons arrive at 
floating gate electrode 4 increases, and the gate current 
increases. 

In the embodiment shown in FIG. 1, the gate current can 
be increased without increasing the impurity concentration 
of p* pocket region 15, owing to provision of n-type region 
14. Therefore, as shown in FIG. 23, it is possible to suppress 
the leak current between the diffusion region and the 
substrate, and can improve the write efSciency. 

In this structure, since the gate current is increased by 
improvement of the injection efHciency, the write capability 
can be improved without increasing the appHed voltage. 
Meanwhile, when consideration is made based on the write 
capability, this structure can be operated with a low applied 
voltage. Therefore, it can be understood that this structure is 
advantageous to low-voltage operating elements and single- 
power-supply elements. 

The structure shown in FIG. 1 will be compared with a 
memory transistor having a conventional LDD structure 
disclosed in Y. Ohshima et al., "PROCESS AND DEVICE 
TECHNOLOGIES FOR 16 Mbit EPROMs WITH LARGE- 
TILT-ANGLB IMPLANTED P-POCKET CELL", lEDM 
90, pp. 95-98. 

FIG. 24 is a schematic cross section showing a structure 
of a memory transistor disclosed in the above reference. 
Referring to FIG. 24, p-type silicon substrate 1 is provided 
at its surface with an n** source diffusion region 12 as well 
as n-type drain regions 61 and 63 spaced from n** source 
region 12 by a predetermined distance. Floating gate elec- 
trode 4 is formed on a region between n** source diffusion 
region 12 and n-type drain regions 61 and 63 with insulating 
film 3 therebetween, and control gate electrode 6 is formed 
on floating gate electrode 4 with interiayer insulating layer 
5 therebetween. There are formed p-type pocket regions 15, 
each of which is in contact with and surrounds n** source 
diffusion region 12 or n-type drain regions 61 and 63. The 
whole surface is covered with an insulating layer 51. 

In this structure, the drain region has the conventional 
LDD structure formed of n* region 61 and n** region 63. In 
this conventional LDD structure, n'*'* region 63 does not 
extend to the region immediately under the floating gate 
electrode 4. Therefore, high energy electrons generated at 
the vicinity of the drain end are suppressed from being 
injected into the floating gate electrode 4 to some extent. 

Meanwhile, in the embodiment of the invention shown in 
FIG. 1, not only n-type region 14 but also n* drain diffusion 
region 13 extend to a region immediately under floating gate 
electrode 4. Therefore, high energy electrons generated near 
the drain end are efiSciently injected into floating gate 
electrode 4. 

The conventional LDD structures are disclosed also in 
Japanese Patent Laying-Open Nos. 2-129968 (1990), 
6-177399 (1994), 2-372 (1990) and 3-72682 (1991). 

Embodiment 2 

Referring to FIG. 25, a structure of this embodiment 
differs from the structure of the embodiment 1 shown in 
FIG. 1 in that it does not include p* pocket region 15, and 
includes only a p-type impurity region 16. The p-type 
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impurity region 16 covers not only the periphery of n-type 
region 14 but also channel region 2 and n* source diffusion 
region 12. The impurity concentration of p-type impurity 
region 16 is, for example, 5x10^* cm~^. 

5 Since structures other than the above are substantially the 
same as those of the embodiment 1, the same or similar 
portions and members bear the same reference characters 
and will not be described below. 
A method of manufacturing the nonvolatile semiconduc- 

10 tor memory device of this embodiment will be described 

Referring first to FIG. 26, the well region and element 
isolating oxide film (not shown) are formed at predeter- 
mined regions of p-type silicon substrate 1. Boron (B) is 
ion-implanted into the main surface of p-type silicon sub- 
strate 1 under the conditions of about 50 keV and about 
5x10^* cm"^. Thereby, channel dope region 16o is formed at 
a predetermined depth in p-type silicon substrate 1. 

Then, insulating film 3a made of, e.g., a silicon oxide film 
and having a thickness of about 100 A is formed on the 
whole surface. First doped polycrystaUine silicon layer 4a of 
about 1000 A in thickness is formed on insulating flhn 3a. 
Interiayer insulating layer 5a of about 200 A in thickness 
made of, e.g., a silicon oxide film and a silicon nitride film 
is formed on first doped polycrystaUine silicon layer 4a. 
Then, second doped polycrystallme sflicon layer 5a of, e.g., 
2500 A in thickness is formed on interiayer insulating layer 
4a. 

Thereafter, steps similar to those of the embodiment 1 
shown in FIGS. 3 and 4 are performed for manufacturing the 
structure of this embodiment. 

Referring to FIG. 27, resist pattern IS is formed over the 
drain formation region of the memory transistor by the 

2j conventional photolithography. Using resist pattern 18 and 
control gale electrode 6 as a mask, arsenic (As) is ion- 
implanted into the main surface of p-type silicon substrate 1 
under the conditions of about 35 keV and about 5x10^^ 
cm"^. Thereby, source region 12a is formed at p-type silicon 
substrate 1. Thereafter, resist pattern 18 is removed. 

Referring to FIG. 28, resist pattern 19 is formed over the 
source formation region of the memory transistor by the 
conventional photolithography. Using resist pattern 19 and 
control gate electrode 6 as a mask, arsenic (As) is iod- 

45 implanted into the main surface of p-type silicon substrate 1 
under the conditions of about 35 keV and about 1x10^* 
cm"^. Thereby, drain region 13fl is formed above channel 
dope region 16fl in p-type silicon substrate 1. 
Referring to FIG. 29, using resist pattern 19 and control 

50 gate electrode 6 as a mask, phosphorus (P) is ion-implanted 
into the main surface of p-type silicon substrate 1 under the 
conditions of about 35 ke V and about 5x10^^ cm"^. Thereby, 
n-type region 14a is formed between channel dope region 
16a and drain region 13a. 

ss Thereafter, the nonvolatile semiconductor memory device 
shown in FIG. 30 is completed through steps similar to those 
of the embodiment 1 shown in FIGS. 8 to 14. 

The nonvolatile semiconductor memory device of this 
embodiment is provided with n-type region 14 covering n* 

60 drain diffusion region 13 simflarly to the embodiment 1. 
Therefore, high energy electrons can be injected into floating 
gate electrode 4 with a high efiBciency, and thus the gate 
current can be increased. Also, the leak current between the 
diflEusion region and the substrate can be suppressed. 

65 Further, the structure is advantageous to low-voltage oper- 
ating elements and single-power-supply elements, similarly 
to the embodiment 1. 
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In addition to the above, p* impurity region 16 cxivers not 
only n-type region 14 but also channel region 2 and n* 
source diffusion region 12. Therefore, punch through is 
suppressed, and a Umit gate length determined based 



Referring to FIG, 35, using resist pattern 19 and control 
gate electrode 6 as a mask, boron (B) is ion-implanted by 
tilt-angle rotary implantation with an angle of 45° into the 
main surface of p-tjfpe silicon substrate 1 under the condi- 



Embodiment 3 
Referring to FIG. 31, i 



breakdown voltage can be short Thus, the structure of 5 tions of about 35 keV and about 5xl(P' cm"^. Thereby, 
) microscopic device p-type pocket region ISa is formed between chaimel dope 
region 16a and drain region 13a. 

Thereafter, the nonvolatile semiconductor memory device 
shown in FIG. 36 is completed through steps similar to those 
int 1 shown in FIGS. 9 to 14. 
In the nonvolatile semiconductor memory device of this 
embodiment, the injection efficiency is improved by increas- 
ing the longitudinal electric field in the bulk, whereby the 
gate electrode is increased. This will be described below 

Before this description, Poisson's Equation will be 
derived. 

When one positive charge exists, one negative charge 
paired therewith necessarily exists. For one pair, there 
necessarily exists only one line of electric force directed 
from the positive to the negative. Therefore, when a certain 
space, e.g., of a rectangular parallelepiped is defined as 
shown in FIG. 37, the sum of lines of electric force project- 
ing from the defined space is equal in number to the sum of 
charges which are not paired with charges existing in the 
space. When the charges not paired in the space are, e.g., five 
in number, the lines of electric force projected firom the 
space are five in number. 

Assuming that D represents the number of lines of electric 
forces per area, simi Q of internal charges can be obtained 
by integration of D along the surface of the space. This can 
be represented by the following formula: 



J structure of this embodiment 
differs fi:om that of the embodiment! shown in FIG. 1 in that 10 of the 
it does not include n-type region 14 and includes p-type 
impurity region 16. Since n-type region 14 is not employed, 
p** pocket region 15 is in contact with n* drain diffusion 
region 13, and surrounds the periphery thereof. The p* 
impurity region 16 is in contact with and surrounds p* 
pocket region 15, and covers channel region 2 and n* source 
diffusion region 12. 

The p* impurity region 16 has an impurity concentration, 
which is higher than that of p-type silicon substrate 1 and is 
lower than that of p** pocket region 15. 

The n* drain diffusion region 13 and n* source diffusion 
region 12 have impurity concentrations of 1x10^° cm~^ or 
more. 

Since structures other than the above are substantially the 
same as those of the embodiment 1, the same or similar 
portions and members bear the same reference characters 
and will not be described below. 

A method of manufacturing the nonvolatile semiconduc- 
tor memory device of this embodiment will be described 

Referring first to FIG. 32, the well region and element 
isolating oxide film (not shown) are formed at predeter- 
mined regions of p-type silicon substrate 1. Boron (B) is 
ion-implanted into the main surface of p-type silicon sub- 35 
strate 1 under the conditions of about 50 keV and about 
5x10^^ cm"^. Thereby, a channel dope region 16a is formed 
at a predetermined depth in p-type silicon substrate 1. Then, 
an insulating film 3a made of, e.g., a silicon oxide fikn and 
having a thickness of about 100 A is formed on the whole 
surface. First doped polycrystalline silicon layer 4a of about 
1000 A in thickness is formed on insulating fikn 3a. Inter- 
layer insulating layer 5fl of about 200 A in thickness made 
of, e.g., a composite film formed of a silicon oxide film and 
a silicon nitride film is formed on first doped polycrystalline 45 
sUicon layer 4a. Then, second doped polycrystalline silicon 
layer 5a of, e.g., 2500 A in thickness is formed on interlayer 
insulating layer 4a. 

Thereafter, steps similar to those of the embodiment 1 
shown in FIGS. 3 and 4 are performed for manufacturing the 50 
structure of this embodiment. 

Referring to FIG. 33, resist pattern 18 is formed over the 
drain formation region of the memory transistor by the 
conventional photolithography. Using resist pattern 18 and 
control gate electrode 6 as a mask, arsenic (As) is ion- S5 
implanted into the main surface of p-type silicon substrate 1 
under the conditions of about 35 keV and about 5x10'* 
cm"^. Thereby, source diEfu.sion region 12a is formed. 
Thereafter, resist pattern 18 is removed. 

Referring to FIG. 34, resist pattern 19 is formed over the 60 
source formation region of the memory transistor by the 
conventional photolithography. Using resist pattern 19 and 
control gate electrode 6 as a mask, arsenic (As) is ion- 
implanted into the main surface of p-type silicon substrate 1 
tmder the conditions of about 35 keV and about 1x10^* 65 
cm"*. Thereby, drain region 13a is formed above chaimel 
dope region 16a in p-type silicon substrate 1. 



Q'UDds 



Assuming that Na represents the impurity a 
per volume, Q can be obtained by integration of Na over the 
whole area in the rectangular parallelepiped, as represented 
by the following formula: 

From the above, a relationship between Na and D can be 
represented as follows: 

]]DdS~l]lqNadV-^aNA=(dldx)D (1) 

As a multiplier between the electric force line density (D) 
and electric field (E), there exists a dielectric constant (e). 
The dielectric constant represents a degree of induction of 
electric force lines with respect to the electric field, and is 
defined to satisfy the following formula: 



Based the above relationship, the formula (1) can be rewrit- 
ten into the following formula: 



qNa-{dldx)(E 

Further, the electric field E i 



the quantity defined by 



position differentiation of the potential (electric potential). 
E^{didx)V 

be derived as the 



From the above, Poisson's Equation ci 
following formula (2): 



(2) 
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In the strict sense of the word, the potential is different Since p'^ pocket region 15 having the impurity concen- 
from the electric potential, these can be considered to be tration higher than that of p-type silicon substrate 1 is 
substantiaUy the same. arranged at the main surface of p-type silicon substrate 1 

no. 39 shows distribution of the potential in the direction between n+ source diffusion region 12 and n* drain diffusion 
indicated by line B-B' in the MOS (Metal Oxide 5 region 13, punch through can be prevented. Therefore, a 
Semiconductor) transistor shovm in FIG. 38. The curve of limit length determined based on the off breakdown 
potential in Si is derived by solving the Poisson's equation. yoUage can be short. Thus, the stniclnre of this embodunent 
The potential is represented by <j.. advantogeous to microscopic device fabrication. 

*^ In addition to p pocket region IS, p impurity region 16 

(ifi<l^-{S^lib?) (3) having the impurity concentration higher than that of p-type 

. silicon substrate 1 is arranged at the main surface of p-type 
By integration of the above formula (3), the foUowing silicon substrate 1 between n* source diffusion region 12 and 
formula (4) is derived: (jrain diffusion region 13. Therefore, punch through can 

-{d6tidx)~(qNit){x-x,)=E (4) be prevented further effectively. 

By appropriately selecting the impurity concentrations of 
The left member in the formula (4) represents the electric 15 p++ pocket region 15 and p-type impurity region 16, the 
field, and specifically represents the quantity detennined by threshold voltage can be controlled while maintaining the 
a gradient of the curve of the potential. When coordinates are intended limit gate length and intended write capability, 
set such that ^ is given by the ordinate and x is given by the In addition to the above, by appropriately selecting the 
abscissa, the gradient goes to 0 at x-Xj,. The above formula impurity concentrations of p"^ pocket region 15 and p-type 
will be solve based on the conditions assumed as described 20 impurity region 16, the impurity concentration of p** pocket 
above. region 15 can be reduced while maintaining the intended 

write capability and intended threshold voltage. Therefore, 
<t>=-(«W£){(x^/2)-.v}-24ii (5) jjjg capability can be improved without increasing the 

The left member in the formula (5) represents the leak current between the diffusion region and the substrate, 
potential, and determines the curve in FIG. 40. Here, it is 25 Embodiment 4 

assumed that a relationship of (t)=-2<|>j, with x-0 is estab- Referring to FIG. 41, a structure of this embodiment 
lished. Although is a constant which is given as a physical differs from the structure of the embodiment 3 shown in 
quantity, Xj, is a variable. Xj, can be calculated as follows by FIG. 31 in that it additionally includes n-type region 14. The 
substituting 0 for <|) in the formula (5) ((|)-0) when x is Xj, n-type region 14 is in contact with n"" drain diffusion region 
30 13, and covers the periphery of the same. The p** pocket 
0 =-(,/V/.)«;^/2) -;^*) -2^. ..K2./,A,)2^.}'« (6) '^8!°° 15 is in contact with n-type region 14 and covers the 

penphery of the same. The n-type region 14 has the impurity 
concentration lower than that of the drain diffusion region. 
By substituting the formula (6) for the fonmila (5), an Since stnichires other than the above are substantiaUy the 
intended potential curve in the bulk can be formulated as 35 same as those of the embodiment 3, the same or similar 
follows: portions and members bear the same reference characters 

and will not be described below. 
^ = -C?Af /e)l(A? /2) - *1(2e /?W)20i,)"^ - 74b ^ method of manuf actoring the nonvolatile semiconduc- 

tor memory device of this embodiment will be described 

= -[qNI2B)i?-7x{qNit>klB)^-li>k 40 below. 

Referring first to FIG. 42, the well region and element 

, , . „ , . „ , isolating oxide film (nol shown) are formed at predeter- 

Here, a relaUonship between the electric field E m the bdk ^^^^^ p.^^p^ ^^^strate 1. Boron (B) is 

and the substrate conoentration N can be represented by the ioa-implanted into the main surface of p-type siHcon sub- 

foUowmg formula which IS denved from combination of the ^^^^^^ ^ ^^^^^ conditions of about 50 keV and about 

formulas (6) and (4). 5^^q13 ^^-h jhereby, channel dope region 16a is formed at 

p-type silicon substrate 1. Then, insulating film 3fl made of, 

£= (?/V/s)[* - |(2e/?W)2#i)'«] g ^ silicon oxide film and having a thickness of about 100 

_ , , 1/2 A is formed on the whole surface. First doped polycrystal- 

-w/v/E)x AWt/e) fine silicon layer 4fl of about 1000 A in thickness is formed 
on insulating film 3a. Interlayer insulating layer Sa of about 

In the above formula, N is sufSciently larger than 1, so 200 A in thickness made of, e.g., a composite film formed 

that it is apparent that electric field E along the gate electrode of a silicon oxide fihn and a silicon nitride film is formed on 

direction in the bulk increases as substrate concentration N first doped polycrystalline silicon layer 4a. Then, second 

increases. 55 doped polycrystalline silicon layer 5a of about 2500 A in 

As described above, the longitudinal electric field along thickness is formed on interlayer insulating layer 4a. 

the gate electrode direction in the bilk can be increased by Thereafter, steps simUar to those of the embodiment 1 

provision of p* impurity region 16 and p** pocket region 15 shown in FIGS. 3 and 4 are performed for manufacturing the 

which have the impurity concentrations higher than that of structure of this embodiment. 

p-type silicon substrate 1, as is done in this embodiment. 60 Referring to FIG. 43, resist pattern 18 is formed over the 

Thereby, the gate current can be increased, and the write drain formation region of the memory transistor by the 

capability can be improved without increasing the applied conventional photolithography. Using resist pattern 18 and 

voltage. Meanwhile, when consideration is made based on control gate electrode 6 as a mask, arsenic (As) is ion- 

the write capability, this structure can be operated with a low implanted into the main surface of p-type silicon substrate 1 

applied voltage. Therefore, it can be understood that this 65 under the conditions of about 35 keV and about 5x10^' 

is advantageous to low-voltage operating elements cm"^ Thereby, source region Via is formed above channel 

e-power-supply elements. dope region 16fl. Thereafter, resist pattem 18 is removed. 
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Referring to FIG. 44, resist pattern 19 is formed over the By appropriately selecting the impurity concentrations of 

source formation region of the memory transistor by the p** pocket region 15 and p* type impurity region 16, the 

conventional photolithography. Using resist pattern 19 and threshold voltage can be controlled while maintaining the 

control gate electrode 6 as a mask, arsenic (As) is ion- intended limit gate length and intended write capability, 
implanted into the main surface of p-type silicon substrate Is In addition to the above, by appropriately selecting the 

under the conditions of about 35 keV and about 1x10^" impurity concentrations of p" pocket region 15 and p-type 

cm~^. Thereby, drain region 13a is formed above channel impurity region 16, the impurity concentration of p** pocket 

dope region 16a. region 15 can be reduced while maintaining the intended 

Referring to FIG. 45, using resist pattern 19 and control write capability and intended threshold voltage. Therefore, 

gate electrode 6 as a mask, phosphorus (P) is ion-implanted 10 the write capability can be improved without increasing the 

into the main surface of p-type silicon substrate 1 under the leak current between the diffusion region and the substrate, 

conditionsof about 35 keV and about 5x10^^ cm~^. Thereby, - . .. 
n-type region 14a is formed between channel dope region 
16i5! and drain region 13a. 

Referring to FIG. 46, using resist pattem 19 and control 15 FIG. 1 in that it additionally includes n** impurity region 20. 

gate electrode 6 as a mask, boron (B) is implanted by The n** impurity region 20 is formed at the surf ace of p-type 

tilt-angle rotary implantation with an angel of 45° into the silicon substrate 1 within n* drain diffusion region 13. The 

main surface of p-type silicon substrate 1 under the condi- n'*^ impurity legion 20 has the impurity concentration higher 

tions of about 35 keV and 5x10" cm"^. Thereby, p-type than that of n* drain region 13. The n** impurity region 20 

region 15a is formed between channel dope region 16a and lo does not extend to a position immediately under floating 

n-type region 14fl. gate electrode 4, and extends to a position immediately 

liiereafter, the nonvolatile semiconductor memory device under side wall insulating layer 7. 

shown in FIG. 47 is completed through steps similar to those In the above structure, n* drain diflEusion region 13 has an 

of the embodknent 1 shown in FIGS. 9 to 14. impurity concentration of 1x10"' cm"^, n-type region 14 has 

The nonvolatile semiconductor memory device of this 25 an impurity concentration of 5x10^' cm"^, and n** impurity 

embodiment is provided with n-type region 14 which is in region 20 has an impurity concentration of about 1x10^^ 

contact with n* drain diflEusion region 13 and covers the cm"^, 

periphery thereof, similarly to the embodiment 1 as shown Since structures other than the above are substantially the 

in FIG. 41. Therefore, the lateral electric field of insulating same as those of the embodiment 1, the same or similar 

flhn 3 can be shifted toward source diffusion region 12. 30 portions and members bear the same reference characters 

Thereby, the longitudinal electric field can be reduced at the and will not be described below. 

point where the maximum lateral electric field generates. A method of manufacturing the nonvolatile semiconduc- 

This reduces the force returniog electrons in iusulating film tor memory device of this embodiment will be described 

3 toward p-type silicon substrate 1, and also reduces a height below. 

of the insulating flkn barrier over which electrons are to be 35 In the method of manufacmring the stmcture of this 

moved. Therefore, the probability of arrival of high energy embodiment, steps similar to those of the embodiment 1 

electrons at floating gate electrode 4 can be increased, and shown in FIGS. 2 to 10 are first performed, 

the gate current can be increased. Referring to FIG. 49, a resist pattern 31 covering the 

The p** pocket region 15 and p* impurity region 16 which source formation region of the memory transistor is formed 

have the impurity concentrations higher than that of silicon 40 by the conventional photolithography. Using resist pattem 

substrate 1 are arranged between n* source diffusion region 31, control gate electrode 6 and side wall insulating layer 7 

12 and n* drain diBfusion region 13. Since high substrate as a mask, arsenic (As) is ion-implanted into the main 

concentration is set between n* drain diffusion region 13 and sivface of p-type silicon substrate 1 under the conditions of 

n* source diflEusion region 12, the electric field along the gate about 35 keV and about 5x10^' cm"^. 

electrode direction in the bulk can be large. This further 45 Referring to FIG. 50, this ion-implantation forms an n** 

improves the efficiency of injection of high energy electrons impurity region 20a on drain region 13fl. Then, resist pattem 

into floating gate electrode 4. 31 is removed, and a stmcture shown in FIG. 51 is formed. 

In this manner, the gate current can be increased further. Thereafter, steps similar to those of the embodiment 1 

so that the write capabUily can be improved without increas- shown in FIGS. 11 to 14 are performed, so that the non- 

ing the applied voltage. Meanwhile, when consideration is 50 volatile semiconductor memory device shown in FIG. 52 is 

made based on the write capability, this structure can be completed. 

operated with a low applied voltage. Therefore, it can be In the nonvolatile semiconductor memory device of this 

understood that this structure is advantageous to low-voltage embodiment, n** impurity region 20 having an impurity 

operating elements and single-power-supply elements. concentration higher Uian that of n* drain impurity region 13 

Since p** pocket region 15 having the impurity concen- 55 is formed at n* drain dif&ision region 13. Therefore, a 

tration higher than that of p-type silicon substrate 1 is parasitic resistance of n* drain diffusion region 13 is 

arranged between n* source diffusion region 12 and n* drain reduced, the current driving capability is increased, and thus 

diffusion region 13, punch through can be prevented. improvement of the write capability and increase of reading 

Therefore, a limit gate length determined based on the off speed can be expected, 

breakdown voltage can be short. Thus, the structure of this 60 Embodiment 6 

embodiment is advantageous to microscopic device fabri- Referring to FIG. 53, a stmcture of this embodiment 

cation. differs firom the stmcture of the embodiment 1 shown in 

In addition to p** pocket region IS, p-type region 16 FIG. 1 in that it additionally includes an n*'^ impurity region 

having the impiuity concentration higher than that of p-type 21. The n** impurity region 21 is arranged at the surface of 

siUcon substrate 1 is arranged between n* sotuce diffiision 65 p-type silicon substrate 1 in n* source difiusion region 12. 

region 12 ,and n* drain diffusion region 13. Therefore, the The n** impurity region 21 has an impurity concentration 

punch through can be prevented fiirther effectively. higher than that of a* source diffiision region 12. The n** 
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impurity region 21 does Dot extend to a region immediately 
under floating gate 4, and extends only to regions immedi- 
ately under side wall insulating layers 7'. 

The n** impurity region has an impurity concentration of 
about Ixltf^^ cm"^. 

A method of manufacturing the nonvolatile semiconduc- 
tor memory device of this embodiment will be described 
below. 

In a method of manufacturing the structure of this 
embodiment, steps similar to those of the embodiment 1 
shown in FIGS. 2 to 10 are performed. 

Referring to FIG. 34, a resist pattern 32 covering the drain 
formation region of the memory transistor is formed by the 
conventional photolithography. Using resist pattern 32, con- 
trol gate electrode 6 and side wall insulating layer 7 as a 
mask, arsenic (As) is ion-implanted into the main surface of 
p-type silicon substrate 1 under the conditions of about 35 
keV and about 5x10^^ cm"^. 

Referring to FIG. 55, this ion-implantation forms an n** 
unpiurity region 21a on source region 12a in p-type silicon 
substrate 1. Then, resist pattern 32 is removed, and a 
structure shown in FIG. 56 is formed. 

Thereafter,^ steps similar to those of the embodiment 1 
shown in FIGS. 11 to 14 are performed, so that the non- 
volatile semiconductor memory device shown in FIG. 57 is 
completed. 

In the nonvolatile semiconductor memory device of this 
embodiment, n** impurity region 21 having an impurity 
concentration higher than that of n* source impurity region 
12 is formed at n* source diffusion region 12. Therefore, a 
parasitic resistance of n"^ source diffusion region 12 is 
reduced, the current driving capability is increased, and thus 
improvement of the write capability and increase of reading 
speed can be ejcpected. 

Embodiment? 

Referring to FIG. 58, a stoucture of this embodiment 
differs from the structure of the embodiment 1 shown in 
FIG. 1 in that it additionally includes n** impurity regions 
20 and 21. The n** impurity region 20 is ananged at the 
surface of p-type silicon substrate 1 in n* drain diffusion 
region 13. The n'^ impurity region 20 has an impurity 
concentration higher than that of n* drain diffusion region 
13, 

The n** impurity region 21 is arranged at the .surface of 
p-type silicon substrate 1 in n* source diffusion region 12. 
The n** impurity region 21 has an impurity concentration 
higher than that of n* source diffusion region 12. 

The n** impurity regions 20 and 21 do not extend to a 
region immediately under floating gate 4, and extend only to 
regions immediately under side wall insulating layers 7. 

Each of n** impurity regions 20 and 21 has an impurity 
concentration of about 1x10^^ cm"^. 

Since structures other than the above are substantially the 
same as those of the embodiment 1, the same or similar 
portions and members bear the same reference characters 
and will not be described below. 

A method of manufacturing the nonvolatile semiconduc- 
tor memory device of this embodiment will be described 

In the manufacturing method of this embodiment, steps 
similar to those of the embodiment 1 shown in FIGS. 2 to 10 
are performed. 

Then, referring to FIG. 59, using control gate electrode 6 
and side wall insulating layer 7 as a mask, arsenic (As) is 
ion-implanted into the main surface of p-type silicon sub- 
strate 1 under tte conditions of about 35 keV and about 
5x10*^ cm"^. Thereby, n** regions 21o and 20a are formed 
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on source region 12a and drain region 13fl in p-type silicon 
substrate 1, respectively. 

Thereafter, steps similar to those of the embodiment 1 
shown in FIGS. 11 to 14 are performed, so that the non- 
S volatile semiconductor memory device shown in FIG. 60 is 
completed. 

In the nonvolatile semiconductor memory device of this 
embodiment, n** impurity regions 21 and 20 are arranged in 
n* source diffusion region 12 and n* drain diffusion region 
JO 13, respectively. The n** impurity regions 20 and 21 have 
the impurity concentrations higher than those of n* soiurce 
diffusion region 12 and n* drain diffusion region 13, respec- 
tively. Therefore, parasitic resistances of n* source dififasion 
region 12 and n* drain diffusion region 13 are reduced, 
15 current driving capability is increased, and improvement of 
iucrease of the reading speed can be expected. 

In the manufacturing method of this embodiment, n** 
impurity regions 20 and 21 are formed in the same ion- 
implantiog step. Therefore, the manufacturing steps can be 
20 simplified. 

Embodiment 8 

Referring to FIG. 61, a structure of this embodiment 
differs from that of the embodiment 7 shown in FIG. 58 in 
the structure of p* pocket region 15. The p* impurity region 
15 formiog the pocket region in this embodiment has a depth 
from the surface of p-type silicon substrate 1, which is 
smaller that those of n* drain diffusion region 13 and n* 
source diffusion region 12. The p* impurity region 15 is 
located at a region immediately under floating gate electrode 
^° 4, and is in contact with n-type region 14. The p* impurity 
region IS has an impurity concentration higher than that of 
p-type silicon substrate 1. 

Since structures other than the above are substantially the 
same as those of the embodiment 7 in FIG. 58, the same or 
similar portions and members bear the same reference 
characters and will not be described below. 

In the nonvolatile semiconductor memory device of this 
embodiment, since p* impurity region 15 is shallower than 
n* drain diffusion region 13 and n* source difliision region 
12, an area of contact between p* impurity region 15 and 
n-type region 14 is smaller than that in the structure shown 
in FIG. 58. Therefore, a junction leak current between the 
diffusion region and the substrate is small, so that a boost 
capability is increased. Since the leak current of each of 
memory cells connected to word lines is small, the sum of 
leak currents of respective memory cells can be smaU. 
Therefore, increase in number of transistors per block can be 
expected. 
50 Embodiment 9 

Referring to FIG. 62, a stmcture of this embodiment 
differs from that of the embodiment 8 shown in FIG. 61 in 
the structure of p* pocket region 15. The p* pocket region 15 
is in contact with n-type region 14, and covers the periphery 
S5 thereof. The p* pocket region 15 extends to a region of 
p-type silicon substrate 1 located immediately under floating 
gate electrode 4. The p* pocket region 15 has an impurity 
concentration higher than that of p-type silicon substrate 1. 
Since structures other than the above are substantially the 
60 same as those of the embodiment 8 in FIG. 61, the same or 
similar portions and members bear the same reference 
characters and wiU not be described below. 

In the nonvolatile semiconductor memory device of this 
embodiment, since p* pocket region 15 covers both of n* 
65 drain diffusion region 13 and n-type region 14, a punch 
through current can be reduced. Therefore, the channel 
length can be reduced, which allows shrinkage of devices. 
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Embodiment 10 

Referring to FIG. 63, a structure of the nonvolatile 
semiconductor memory device of this embodiment differs 
from that of the embodiment 7 shown in FIG. 58 in the 
structure of p* impurity region 15 forming the pocket region. 
The p* impurity region 15 is formed immediately under 
floating gate electrode 4 and is in contact with n-type region 
14, The p* impurity region 15 has a depth from the surface 
of p-type silicon substrate 1, whi( h is substantially equal to 
those of n* drain diEEusion region 13 and n-type region 14. 
The p* impurity region 15 has an impurity concentration 
higher than that of p-type silicon substrate 1. 

Since structures other than the above are substantially the 
same as those of the embodiment 7 shown in FIG. 58, the 
same or similar portions and members bear the same refer- 
ence characters and wUl not be described below. 

In the nonvolatile semiconductor memory device of this 
embodiment, p* impurity region 15 has a relatively small 
depth substantially equal to that of n* drain diffusion region 
13 or n-type region 14. Therefore, an area of contact 
between n-type region 14 and p* impurity region 15 can be 
smaller than that in the structure shown in FIG. 62. 
Accordingly, a junction leak current between the diffusion 
region and the substrate can be small, and thus improvement 
of the boost capability and increase in number of transistors 
per block can be expected. 

Since p* impurity region 15 has a depth simOar to that of 
n* drain diffusion region 13, it has a portion which covers n* 
drain diffusion region 13 and is located deeper than that in 
the structure shown in FIG. 61. Thereby, a punch through 
current can be reduced. Accordingly, the channel length can 
be reduced, which allows shrinkage of the device. 

Embodiment 11 

Referring to FIG. 64, a structure of this embodiment 
differs from the structure of the embodiment 1 shown in 
FIG. 1 in that it additionally includes n-type impurity region 
22. The n-type impurity region 22 is in contact with n* 
source diffusion region 12, and covets the periphery thereof. 
The n-type region 22 has an impurity concentration higher 
than that of n* source diffusion region 12. For example, n* 
source diffusion region 12 has an impurity concentration of 
1x10^° cm"^, in which case n-type region 22 has an impurity 
concentration in a range from 1x10^^ cm~^ to SxVf cm"^. 

Since stmchires other than the above are substantially the 
same as those of the embodiment 1 shown in FIG. 1, the 
same or similar portions and members bear the same refer- 
ence characters and will not be described, below. 

A method of manufacturing the nonvolatile semiconduc- 
tor memory device of this embodiment will be described 

In the manufacturing method of this embodiment, steps 
similar to those of the embodiment 1 shown in FIGS. 2 to 5 
are first performed. 

Referring to FIG. 65, using resist pattern 19 and control 
gate electrode 6 as a mask, phosphorus (P) is ion-implanted 
into the main surface of p-type silicon substrate 1 under the 
conditions of about 50 keV and about 1x10^^ cm"^. This 
forms an n-type region 22fl under source region 12a. 
Thereafter, resist pattern 19 is removed. 

Then, steps similar to those of the embodiment 1 shown 
in FIGS. 6 to 14 are performed, whereby the nonvolatile 
semiconductor memory device shown in FIG. 66 is com- 

Since the nonvolatile semiconductor memory device of 
this embodiment includes n-type region 22 covering n* 
source diffusion region 12, this promotes extension of the 
depletion layer at the source side and thus increases the 
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source breakdown voltage. For example, therefore, a high 
voltage can be applied to the source when erasing (removal 
of electroas from lloaling gate electrode 4) is performed at 
the source side with the F-N tunneling current. 

5 Embodiment 12 

Referring to FIG. 67, a structure of this embodiment 
differs from that of the embodiment 11 shown in FIG. 64 in 
that the depth of junction between n* source diffusion region 
12 and n* drain diffusion region 13 as weU as the impurity 
concentration. More specifically, a depth of n* drain diEEu- 
sion region 13 from the surface of p-lype silicon substrate 1 
is larger than that of n* source diffusion region 12. 

The n* source diffusion region 12 may have a depth from 
the surface of p-type silicon substrate 1, which is larger than 
that of n* drain diffusion region 13. 

15 The n* source diffusion region 12 and n* drain diffusion 
region 13 may have different impurity concentrations. 

Since structures other than the above are substantially the 
same as those of the embodiment 11 shown in FIG. 64, the 
same or similar portions and members bear the same refer- 

20 ence characters and will not be described below. 
Embodiment 13 

Referring to FIG. 68, a slruchire of this embodiment 
differs from the structure of the embodiment 11 shown in 
FIG. 64 in the depth of junction between n-type region 22 at 

25 the source side and n-type region 14 at the drain side, or in 
the impurity concentration. More specifically, a depth of 
n-type impurity region 22 at the source side from the surface 
of p-type silicon substrate 1 is larger than that of n-type 
impurity region 14 at the drain side. 

30 The n-type region 14 at the drain side may have a depth 
from the surface of p-type silicon substrate 1, which is larger 
than that of n-type region 22 at the source side. 

The n-type impurity region 22 at the source side and 
n-type region 14 at the drain side may have different 

35 impurity concentrations. 

Since structures other than the above are substantially the 
same as those of the embodiment 11 shown in FIG. 64, the 
same or similar portions and members bear the same refer- 
ence characters and wiU not be described below. 

40 In the nonvolatile semiconductor memory device of tMs 
embodiment, implantation may be effect on n-type region 22 
at the source side under the conditions different from those 
under which implantation is effected on n-type region 14 at 
the drain side, whereby the breakdown voltage at the source 

45 diffusion region can be improved more effectively than the 
embodiment 11 while maintaining the improved write efB- 
ciency (depending on conditions for forming n-type region 
13). 

Embodiment 14 

50 Referring to FIG. 69, a structure of this embodiment 
differs from that of the embodiment 2 shown in FIG, 25 in 
the structure of p* impurity region 16. The p* impurity 
region 16 is formed only at a region immediately under 
floating gate electrode 4 to cover channel region 2, and is in 

55 contact with n-type region 14 and n* source diEEusion region 
12 oiily in this region. The p* impurity region 16 has an 
impurity concentration higher than that of p-type silicon 
substrate 1. 

Since structures other than the above are substantially the 
60 same as those of the embodiment 2 shown in FIG. 25, the 
same or similar portions and members bear the same refer- 
ence characters and wiU not be described below. 

A method of manufachiring the nonvolatile semiconduc- 
tor memory device of this embodiment will be described 
65 below. 

Referring to FIG. 70, a resist pattern 33 having a hole 
pattern at the floating gate electrode formation region is 
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formed on p-type silicoD substrate 1 by the conventional 
photolithography. Using resist pattern 33 as a mask, boron 
(B) is ion-implanted into a region immediately under the 
floating gate electrode formation region in p-type silicon 
substrate 1 under the conditions of about 80 keV and about 
5x10^^ cm"^^. Thereby, p* region 16a is formed at a position 
immediately under the floating gate electrode formation 
region in p-type silicon substrate 1. 

Thereafter, steps similar to those of the embodiment 2 are 
performed so that the nonvolatile semiconductor memory 
device shown in FIG. 71 is completed. 

In the nonvolatile semiconductor memory device of this 
enabodiment, since p* impurity region 16 is formed only at 
the region immediately under floating gate electrode 4, it is 
in contact with n-type region 14 and n* source diffusioD 
region 12 only in this region. Therefore, capacitances of the 
difliusion regions in the source and drain are reduced. 
Accordingly, increase of the reading speed can be expected. 

Embodiment 15 

Referring to FIG. 72, a structure of the nonvolatile 
semiconductor memory device of this embodiment differs 
from that of the embodiment 4 shown in FIG. 41 in the 
structure of p* impurity region 16. The p* impurity region 16 
is formed only at a region immediately under floating gate 
electrode 4, and is in contact with p** pocket region 15 and 
n* source diffusion region 12 only in this region. The p* 
impurity region 16 has an impurity concentration which is 
higher than that of p-type silicon substrate 1 and is lower 
than that of p** pocket region 15. 

According to the nonvolatile semiconductor memory 
device of this embodiment, capacitances of difliision regions 
in the source and drain can be reduced similarly to the 
embodiment 14, and thus increase of the reading speed can 
be expected. 

Embodiment 16 

Referring to FIG. 73, a structure of this embodiment 
differs from that of the embodiment 3 shown in FIG. 31 in 
the structure of p* impurity region 16. The p* impurity 
region 16 is formed only at a region immediately under 
floating gate electrode 4, and is in contact with p*^ pocket 
region 15 and n* source diffusion region 12 only in this 
region. The p* impurity region 16 has an impurity concen- 
tration which is higher than that of p-type silicon substrate 
1 and is lower than that of p** pocket region 15. 

Since structures other than the above are substantially the 
same as those of the embodiment 3 shown in FIG. 31, the 
same or similar portions and members bear the same refer- 
ence characters and wOl not be described below. 

A method of manufacturing the nonvolatile semiconduc- 
tor memory device of this embodiment will be described 

Referring to FIG. 74, boron (B) is ion-implanted into the 
whole surface of p-type silicon substrate 1 under the con- 
ditions of about 80 keV and about 5x10^^ cm"^. Thereby, 
p-type region 16a is formed at a predetermined position in 
p-type silicon substrate 1. 

In the manufacturing method of this embodiment, steps 
similar to those of the embodiment 1 shown in- FIGS. 2 to 4 
are then executed. Thereafter, resist pattern 17 shown in 
FIG. 4 is removed to form a structure shown in FIG. 75. 

Referring to FIG. 76, impurity exhibiting the polarity 
opposite to that of boron is implanted in accordance with the 
range of boron implanted in the step in FIG. 74, using 
floating gate electrode 6 as a mask. Thereby, p-type region 
is canceled at the region not covered with floating gate 
electrode 4. Thus, p-type impurity region 16fl remains only 
at the region immediately under the floating gate electrode 
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4. Thereafter, steps similar to those of the embodiment 3 are 
executed, so that the nonvolatile semiconductor memory 
device shown in FIG. 77 is completed. 

According to the nonvolatile semiconductor memory 
5 device of this embodiment, capacitances of diffusion regions 
in the source and drain are reduced similarly to the embodi- 
ment 14, and thus increase of the reading speed can be 
expected. 

The manufacturing method of the embodiment 14 can be 
10 appHed to the embodiments 15 and 16, and the manufac- 
turing method of the embodiment 16 can be applied to the 
embodiments 14 and 15. 

Embodiment 17 

FIGS. 78, 79 and SO are cross seaions schematically 
IS showing structures of the nonvolatile semiconductor 
memory devices of the embodiment 17 which correspond to 
improvements of the structures of the embodiments 14 to 16, 
respectively. 

More specifically, the structures shown in FIGS. 78 to 80 
20 correspond to the structures of the embodiments 14 to 16 
shown in FIGS. 69, 72 and 73, respectively, except for that 
p* impurity region 16 has a depth from the surface of p-type 
silicon substrate 1 which is smaller than those of n* source 
diffusion region 12 and n* drain diffusion region 13. The 
25 impurity region 16 has an impurity concentration higher 
than that of p-type silicon substrate 1. 

In the structures of FIGS. 78 to 80, as described above, p* 
impurity region 16 is shallower than those in the structures 
of the embodiments 14 to 16, whereby it is possible to 
30 prevent variation of the threshold voltage which may be 
caused by variation of the substrate potential. Therefore, it 
is possible to suppress variation of an unfixed potential of a 
terminal in an open state. 
Although the present invention has been described and 
35 illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 
40 What is claimed is: 

1. A nonvolatile semiconductor memory device allowing 
electrical erasing and writing of data comprising: 

a semiconductor substrate of a first conductivity type 

having a main surface; 
a charge accumulating electrode layer formed on the main 
surface of said semiconductor substrate with a first 
insulating film therebetween; 
a control electrode layer formed on said charge accumu- 
lating electrode layer with a second insulating film 
therebetween; 

a pair of source/dram regions of a second conductivity 
type formed at the main surface of said semiconductor 
substrate and located at opposite sides of a region of 

jj said semiconductor substrate located under said charge 
accumulating electrode layer, 
said drain region extending to a region of said semicon- 
ductor substrate located immediately under said charge 
accumulating electrode layer; 

60 . a first impurity region of the second conductivity type 
formed in contact with said drain region at the main 
surface of said semiconductor substrate located imme- 
diately under said charge accumulating electrode layer, 
and having an impurity concentration lower than that of 

65 said drain region; 

a second impurity region of the first conductivity type 
being in contact with said first impurity region at the 
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main surface under said semiconductor substrate 
located immediately under said charge accumulating 
electrode layer, and having an impurity concentration 
higher than that of said semiconductor substrate; and 

a third impurity region of the first conductivity type 5 
covering peripheries of said source region and said 
second impurity region while being in contact with said 
source region and said second impurity region, and 
having an impurity concentration higher than that of 
said semiconductor substrate and lower than that of lo 
said second impurity region, wherein 

a lateral electric field of a region where said first impurity 
region is in contact with said drain region in the vicinity 
of the main surface of said semiconductor substrate is 
lower than that of a region where said first impurity 
region is in contact with said second impurity region in 
the vicinity of the main surface of said semiconductor 
substrate. 

2. The nonvolatile semiconductor memory device accord- 
ing to claim 1, wherein ^° 

said third impurity region is in contact with said source 
region at the main surface of said semiconductor sub- 
strate directly below said charge accumtdating elec- 
trode layer. 

3. The nonvolatile semiconductor memory device accord- 
ing to claim 2, wherein 

said device further comprises a third impurity region of 
the first conductivity type covering said first impurity 
region while being in contact with said first impurity 
region, and having an impurity concentration higher 
than that of said second impurity region, and 

said third impurity region exists between said second 
impurity region and said first impurity region. 

4. The nonvolatile semiconductor memory device accord- 35 
ing to claim 1, wherein 

said first impurity region is in contact with and surround- 
ing said drain region, and 

said third impturity region covers peripheries of said 
source region and said first impurity region. 40 

5. A nonvolatile semiconductor memory device allowing 
electrical erasing and writing of data comprising: 

a semiconductor substrate of a first conductivity type 
having a main surface; 

a charge accumulating electrode layer formed on the main 
surface of said semiconductor substrate with a first 
insulating fihn therebetween; 

a control electrode layer formed on said charge accumu- 
lating electrode layer with a second insulating film 
therebetvveen; 

a pair of source/drain regions of a second conductivity 
type formed at the main surface of said semiconductor 
substrate and located at opposite sides of a region of 
said semiconductor substrate located imder said charge jj 
accumulating electrode layer; 

said drain region extending to a region of said semicon- 
ductor substrate located immediately under said charge 
accumulating electrode layer; 

a first impurity region of the second conductivity type in 
contact with said drain region at the main surface of 
said semiconductor substrate located immediately 
under said charge accumulating electrode layer, and 
having an impurity concentration lower than that of 
said drain region; 

a second impurity region of the first conductivity type 
being in contact with said first impurity region at lie 



main surface of said semiconductor substrate located 
immediately under said charge accumulating electrode 
layer, and having an impurity concentration higher than 
that of said semiconductor substrate, wherein a lateral 
electric field of a region where said first impurity region 
is in contact with said drain region in the vicinity of the 
main surface of said semiconductor substrate is lower 
than that of a region where said first impurity region is 
in contact with said second impurity region ki the 
vicinity of the main surface of said semiconductor 
substrate; and 

a third impurity region of the second conductivity type 
fonned in at least one of said drain region and said 
source region having an impurity concentration higher 
than that of said drain region and said source region. 

6. A nonvolatile semiconductor memory device aEowing 
electrical erasing and writing of data comprising: 

a semiconductor substrate of a first conductivity type 

having a main surface; 
a charge accumulating electrode layer formed on the main 
surface of said semiconductor substrate with a first 
insulating film therebetween; 
a control electrode layer fonned on said charge accumu- 
lating electrode layer with a second insulating film 
therebetween; 

a pair of source/drain regions of a second conductivity 
type formed at the main surface of said semiconductor 
substrate and located at opposite sides of a region of 
said semiconductor substrate located under said charge 
accumulating electrode layer; 
said drain region extending to a region of said semicon- 
ductor substrate located immediately under said charge 
accumulating electrode layer; 
a first impurity region of the second conductivity type in 
contact with said drain region at the main surface of 
said semiconductor substrate located immediately 
under said charge accumulating electrode layer, and 
having an impurity concentration lower than that of 
said drain region; 
a second impurity region of the first conductivity type 
being in contact with said first impurity region at the 
main surface of said semiconductor substrate located 
immediately under said charge accumulating electrode 
layer, and having an impurity concentration higher than 
that of said semiconductor substrate, wherein a lateral 
electric field of a region where said first impurity region 
is in contact with said drain region in the vicinity of the 
main surface of said semiconductor substrate is lower 
than that of a region where said first impurity region is 
in contact with said second impurity region in the 
vicinity of the main surface of said semiconductor 
substrate; and 

a third impurity region covering a periphery of said source 
region while being in contact with said source region, 
extending to a region of said semiconductor substrate 
immediately under said charge accimiulating electrode 
layer, and having an impurity concentration lower than 
that of said source region. 

7. The nonvolatile semiconductor memory device accord- 
60 ing to claim 6, wherein said source region and said drain 

region have different depths from the main surface of said 
semiconductor substrate. 

8. The nonvolatile semiconductor memory device accord- 
ing to claim 6, wherein said source region and said drain 

65 region have different impurity concentrations. 

9. The nonvolatile semiconductor memory device accord- 
ing to claim 6, wherein said third impurity region and said 
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drain region have different depths from the main surface of 
said semiconductor substrate. 

10. The nonvolatile semiconductor memory device 
according to claim 6, wherein said third impurity region and 
said drain region have different impurity concentrations. ; 

11. Anonvolatile semiconductor memory device aUowing 
electrical erasing and writing of data comprising: 

a semiconductor substrate of a first conductivity type 
having a main surface; 

a charge accumulating electrode layer formed on the main ^ 
surface of said semiconductor substrate with a first 
insulating film therebetween; 

a control electrode layer formed on said charge accumu- 
lating electrode layer with a second insulatiag film ^ 
therebetween; 

a pair of source/drain regions of a second conductivity 
type formed at the main surface of said semiconductor 
substrate, and located at opposite sides of a region of 
said semiconductor substrate located imder said charge i 
accumulating electrode layer; 

said drain region extending to a region of said semicon- 
ductor substrate located immediately under said charge 
accumulating electrode layer, and containing impurity 
at a concentration of 1x10^ cm~^ or mote; 2 

a first impurity region of the first conductivity type 
covering a periphery of said drain region while being in 
contact with said drain region, and having an impurity 
concentration larger than that of said semiconductor 
substrate; and 3 

a second impurity region of the first conductivity type 
formed in contact with said source region and said first 
impurity region at a region of said semiconductor 
substrate located immediately under said charge accu- 
mulating electrode layer, and having an impiully con- ^ 
centration higher than that of said semiconductor sub- 
strate and lower than that of said first impurity region. 

12. The nonvolatile semiconductor memory device 
according to claim 11, wherein a depth of said second 
impurity region firom the main surface of said semiconductor 
substrate is smaller than that of said sotu'ce/drain regions. 

13. The nonvolatile semiconductor memory device 
according to claim 11, wherein said second impurity region 
covers peripheries of said source region and said first 
impurity region while it is in contact with said source region 
and said first impurity region. 

14. Anonvolatile semiconductor memory device allowing 
electrical erasing and writing of data comprising: 

a semiconductor substrate of a first conductivity type , 

having a main surface; 
a charge accumulating electrode layer formed on the main 

surface of said semiconductor substrate vrith a first 

insulating film therebetween; 
a control electrode layer formed on said charge accumu- £ 

lating electrode layer with a second insulating film 

therebetween; 

a pair of source/drain regions of a second conductivity 
type formed at the main surface of said semiconductor 



a first impurity region of the first conductivity type 
covering a periphery of said drain region and having an 
impurity concentration higher than that of said semi- 
conductor substrate; and 
a second impurity region of the first conductivity type 
formed in contact with said source region and said first 
impurity region at a region of said semiconductor 
substrate located immediately imder said charge accu- 
mulating electrode of said semiconductor substrate and 
lower than that of said first impurity region. 

15. The nonvolatile semiconductor memory device 
according to claim 14, wherein depth of said second impu- 
rity region from the main surface of said semiconductor 
substrate is smaller than that of said source/drain regions. 

16. The nonvolatile semiconductor memory device 
according to claim 14, wherein said second impurity region 
covers peripheries of said source region and said first 
impurity region while it is in contact with said source region 
and said first impurity region. 

17. The nonvolatile semiconductor memory device 
according to claim 14, further comprising a third impurity 
region of the second conductivity type formed between said 
drain region and said first imptuity region and having an 
impurity concentration lower than that of said drain region. 

18. The nonvolatile semiconductor memory device 
according to claim 14, wherein 

said second impurity region is in contact with said source 
region at the main siuface of said semiconductor sub- 
strate located immediately under said charge accumu- 
lating electrode layer. 

19. A nonvolatile semiconductor memory device allowing 
electrical erasing and writing of data comprising: 

a semiconductor substrate of a first conductivity type 

having a main surface; 
a charge accumulating electrode layer formed on the main 
surface of said semiconductor substrate with a first 
insulating film therebetween; 
a control electrode layer formed on said charge accumu- 
lating electrode layer with a second insulating film 
therebetween; 

a pair of source/drain regions of a second conductivity 
type formed at the main surface of said semiconductor 
substrate and located at opposite sides of a region of 
said semiconductor substrate located under said charge 
accumulating electrode layer, 
said drain region extending to a region of said semicon- 
ductor substrate located immediately under said charge 
accumulating electrode layer; 
a first impurity region of the first conductivity type 
covering a periphery of said drain region while being in 
contact with said drain region and having an impurity 
concentration higher than that of said semiconductor 
substrate; and 

a second impurity region of the second conductivity type 
formed in at least one of said soiu-ce region and said 
drain region and having an impurity concentration 
higher than said source region and said drain region. 

20. The nonvolatile semiconductor memory device 
substrate and located at opposite sides of a region of ^ according to claim 19, further comprising a third impurity 



said semiconductor substrate located under said charge 
accimiulating electrode layer, 
said drain region extending to a region of said semicon- 
ductor substrate located immediately under said charge 
accumulating electrode layer, 



region of the second conductivity type located between said 
drain region and said first impurity region and having an 
impurity concentration lower than that of said drain region. 



